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PREFACE 


This book constitutes the tenth volume of the series 
containing the proceedings of the General Meetings of 
the American Iron and Steel Institute. The first 
volume, containing the proceedings of the First General 
_ Meeting held in New York on Friday, October 14, 
1910, and continued in Buffalo, Chicago, Pittsburgh 
and Washington, was published under the title “Pro- 
ceedings of the American Iron and Steel Institute.” In 
1911, no General Meetings were held. In 1912 and 
subsequently two General Meetings have been held each 
year with the single exception of the year 1918, the 
October Meeting of that year being omitted because of 
war activities. In 1912 the proceedings were first pub- 
lished under the title “Year Book of the American Iron 
and Steel Institute” and this title has been continued in 
subsequent volumes. 

The present volume contains the proceedings of the 
Seventeenth General Meeting held at the Hotel Com- 
modore, New York, May 28,. 1920, and the proceedings 
of the Eighteenth General Meeting held at the Hotel 
Commodore, New York, October 22, 1920. 


Howarp H. Cook, 
Assistant Secretary. 
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AMERICAN IRON AND STEEL 
INSTITUTE 


SEVENTEENTH GENERAL MEETING 


NEW YORK, May 28, 1920 


The Seventeenth General Meeting of the American 
Iron and Steel Institute was held at the Hotel Com- 
modore, New York City, on Friday, May 28, 1920. 

Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the 
large number present, the morning session was held in 
the Grand Ballroom. The afternoon session was held 
in the East Ballroom. The evening session, which in- 
cluded the semi-annual dinner, was held in the Grand 
Ballroom. The sessions were devoted to the reading 
and discussion of papers dealing chiefly with problems 
of metallurgy and business. The attendance at the 
evening session surpassed all previous records, more than 
thirteen hundred members and guests being present. 

On the following page will be found the program 
of the meeting. Judge Gary, President of the Institute, 
presided at the morning session until the close of Mr. 
Smith’s paper. Mr. Charles M. Schwab, Vice-Presi- 
dent, presided during the remainder of the morning 
session. The afternoon session was opened by Mr. 
Willis L. King, Vice-President, who presided until the 
close of Mr. Meissner’s discussion of Mr. Cottrell’s 
paper. Mr. John A. Topping, Vice-President, presided 
during the remainder of the afternoon session. Judge 
Gary acted as toastmaster at the banquet in the evening. 
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ADDRESS OF THE PRESIDENT 


ELBERT H. GARY 
Chairman, United States Steel Corporation, New York 


I congratulate you again as members of this Insti- 
tute because you are members and because of your co- 
operation and persistent energy and unbounded loyalty 
to the Institute and to the directors having the affairs 
in charge. The Institute has become one of the leading 
associations of the United States, if not of the world. 
You have a commanding influence concerning the in- 
dustrial affairs of the nation. We may well be proud 
of the progress which has been made in our affairs 
during the last ten years. 

At the first meeting, in October, 1910, in a compara- 
tively small room, and even with the influence of the 
presence of representative leaders of the iron and steel 
industry of the world, there were present at the day ~ 
meetings, as I remember, about one hundred, and at the 
present time, by gradual though uninterrupted growth, 
we have at our day meetings—not always in the hall 
assembled, because the halls have not been large 
enough, but in general attendance and in close proximity 
—something like twelve hundred or more members of 
the Institute; and you have shown your interest not only 
in these annual meetings, not only in the Institute itself, 
but in the affairs of the country; not always having re- 
ceived due credit for your attitude and your work, you 
have nevertheless occupied in your own estimation the 
position of responsibility not only toward each other but 
toward the people generally of this country. 

We shall never forget in the dark days of 1907, and 
a short time after that, the words of our beloved as- 
sociate, to which I have proudly referred before when, 
in speaking of the days of 1907, he said “A voice rang 
out clear and loud, ‘Steady, boys, and play the game’; 


12 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


and, by the Lord, you played it and you played it fair’; 
and that has been a sort of watchword, a permanent 
text for your conduct. 

At the beginning of the war when, at the request of 
Government officials, the Institute was asked to mobi- 
lize the iron and steel industry of the United States, the 
sentiment to which I have referred again pervaded your 
minds and actuated your conduct, “Steady, boys, and 
play the game and play it fair’; and again you re- 
sponded whole-heartedly and effectively, and the com- 
mittee which the Institute appointed, representative men 
of representative companies in the iron and steel in- 
dustry, played the game, and I might say with exact 
truth and justice to all concerned, took as active a part 
and exerted as great an influence and rendered as full 
and faithful and effective service as any others in saving 
this country and its associates in the war from danger 
and destruction because of the great loyalty and un- 
bounded, unreserved effort on your part to protect the 
interests of the country by furnishing what was termed 
by the Government officials “the most essential of all 
products toward the military necessities of this coun- 
try, and others”; and all through the war, gentlemen, 
you played the game and you played it fair. Whatever 
might be said by any public speakers which may have 
hurt your feelings and may have been undeserved, be- 
cause harsh and contrary to the truth, they can never 
take from you the credit to which you are entitled. 

And now again we are passing through a critical 
period in our history. We would be worse than foolish, 
however optimistic we are by nature and by reason of 
our experience and our knowledge of the future as 
judged by the facts of the past, did we not recognize 
this. But you have your place and your influence, and 
you may be depended upon to do your full share in 
carrying on the work which is laid out by the necessities 
of the occasion in protecting the people and the business 
of this country; again you are called upon, each and all 
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of you, to play the game and to play it fair. And need 
I suggest you will respond not only with alacrity but 
with efficiency, and you will exert an influence by your 
steady, level-headed, persistent disposition and desire, as 
American citizens, to protect your own business, your 
own associates, your employees, and, first and above 
everything else, the public welfare. 

And may I be pardoned in saying, in these ex- 
temporaneous preliminary remarks, that your kindness 
and loyalty and generosity toward the Institute, to- 
wards its directors and toward your unworthy president, 
are appreciated and fully realized and will never be 
forgotten, and could not be overestimated. I feel on 
this occasion like thanking you, all of you, when I con- 
sider how loyal and patient and reasonable and effective 
‘the directors of this Institute have been toward the 
president; I must say my heart goes out in gratitude for 
their personal consideration, and just as I feel grateful 
toward them, they and I feel toward every member of 
this Institute: we are not only proud of the Institute, 
we are proud of you because of your past conduct and 
because we know that for the future you may be de- 
pended upon to do your part in sustaining and protect- 
ing the efforts of our Government, to promote the wel- 
fare of all its people during these trying times. (Ap- 
plause. ) 

My subject this morning is entitled: 


THE Suir or STATE 


In this presence it may be asserted, without thought 
of contradiction, our country is the best of all. 

As frequently stated, notwithstanding the United 
States has only 6 per cent. of the world’s population 
and 7 per cent. of the world’s land, yet we produce: 

20 per cent. of the world’s supply of gold. 

25 per cent. of the world’s supply of wheat. 

40 per cent. of the world’s supply of iron and steel. 

40 per cent. of the world’s supply of lead. 
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40 per cent. of the world’s supply of silver. 

50 per cent. of the world’s supply of zine. 

52 per cent. of the world’s supply of coal. 

60 per cent. of the world’s supply of aluminum. 

60 per cent. of the world’s supply of copper. 

60 per cent. of the world’s supply of cotton. 

66 per cent. of the world’s supply of oil. 

75 per cent. of the world’s supply of corn. 

85 per cent. of the world’s supply of automobiles. 

Better still, we have constitutional freedom; protec- 
tion of life, liberty and property. If, in any respect, 
these principles are violated, it is by individuals and not 
by sanction of fundamental laws. As one becomes 
familiar with the Constitution and with all departments 
created by it, one is convinced that the scheme and 
philosophy of the framers was to guarantee equal pro- 
tection and opportunity to all the people. With the 
preservation and functioning of the Government in ac-. 
cordance with the letter and spirit of the Constitution 
there is offered peace and protection; with disregard or 
violation of any material part of it there is, pro tanto, 
suffering, distress and ruin. 

Possessed of these natural resources and opportuni- 
ties a moral, intelligent and industrious people have 
reached the first place in worthy achievement. Hence, 
persons from every part of the world have come to the 
United States to better their condition by participating 
in the blessings which are here provided. For no other 
reason, except.an intention to wantonly attack, destroy. 
and forcibly appropriate, would foreigners settle in our 
midst. 

The great majority of immigrants have come with 
pure motives. They have been welcomed by their prede- 
cessors and eagerly and gladly have become a part of the 
mass of loyal and deserving citizens. We have approx- 
imately one hundred and ten millions of inhabitants, and, 


as a whole, they rank high in the world’s throngs of 
human beings. 
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However, we need not close our eyes and ears to the 
utterances of learned men in editorials, lectures, public 
addresses and private speech, to the effect that even our 
Government itself is threatened at the present time; that 
for some months there has been and still is being carried 
on propaganda, instigated and controlled by vicious men, 
mostly foreigners, which tends to create a feeling of 
unrest, dissatisfaction and antagonism. Appeal is made 
to the cupidity, the selfishness and the baser instincts of 
men. .Promises not possible of fulfillment are made; 
sometimes threats and intimidations are indulged in. 

Human nature, weak and greedy, is easily affected. 
The minds of considerable numbers, due to war condi- 
tions, resulting in privation, suffering and misery in 
some cases and temporary possession of unusual funds 
in others, are abnormal, and false and wicked doctrines 
are apt to find lodgment. Advantage has been taken of 
these natural tendencies by unprincipled men, some of 
them really enemies of the United States, others merely 
demagogues, all actuated by the desire to promote per- 
sonal gain. Numbers of men who are loyal Americans, 
some giving evil advice and others lending receptive 
ears, will hereafter entertain feelings of regret and 
shame for their part in the public discussions of today. 

The present so-called labor strikes, involving riot and 
injury to property and person, are instigated as a part 
of the campaign to disturb and demoralize the social and 
economic conditions of the country. In other lands very 
serious results have been accomplished by the same 
means which have been employed here. 

Is the disease of unjustified unrest and revolt, now 
discernible, progressive? Will large numbers of our 
population be influenced? Is the Ship of State in 
danger? Is she headed for the rocks? Is there a pos- 
sibility of increasing storms to a degree which would 
drive her to destruction? 5 

The answers depend upon the conduct and efforts of 
the sailors themselves, and they include all classes of 
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people. The word “class” is not used in an invidious 
sense. There are no classes in the United States such as 
have existed in other countries. Formerly, in certain 
parts of the world, classes were actually formed and 
sustained by the rich or powerful, who were supposed to 
belong to the “upper class.” ‘They became distinct and 
commanding. 'They secured and continued to hold addi- 
tional privileges and benefits to which they were not 
justly entitled, and which made them proud and over- 
bearing. They were doomed to eventual failure and 
final destruction, except so far as they might be deserv- 
ing on the merits. In America those who now seek to 
establish classes and to secure discriminating favors for 
themselves are not prominent because of wealth; they 
are composed of a comparatively small minority of the 
population who have adopted the word “labor,” which 
signifies honorable activity, with the concealed design of 
forming a “class” which they hope will finally attract . 
a majority of the people, and thus enable them to obtain 
one legislative act after another until the Constitution 
shall be undermined and the whole structure destroyed. 

These men have already secured certain legislation 
which is wrongfully discriminating. Some of them know 
what the final consequence of their designs must be; 
that all would be lost in the ruins; but immediate per- 
sonal gain is to them sufficient justification. 

The safe, efficacious and natural remedy for the 
perils which have been hinted at are to be found only in 
unity of purpose and effort on the part of the whole crew 
on board our Ship of State, which includes everyone who 
is blessed with the privileges of citizenship in the United 
States; an undivided loyalty to the principles of our 
Constitution and all the laws which are passed in 
conformity to it. This will eliminate from the social 
structure the vicious elements. Sad to say, there is not 
at present, nor has been in the past, perfect harmony of 
action between the masses of the people. as 

Without dispute, any person has his or her place, 
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rights and privileges. This includes those which are per- 
sonal, private and exclusive. No one may properly im- 
pinge upon the rights of another. Everyone must be 
protected to the full limit of the laws which are intended 
for the benefit of ‘all, with the understanding that 
private interests are subordinated to the public welfare; 
but in the exercise of individual rights, in the protection 
of individual property and interests, it is the obligation, 
as it should be the pleasure, of everyone to act without 
animosity toward the Constitution, the laws, and the 
general public, and without improper and unnecessary 
friction. 

In a discussion of this kind there should be a frank 
admission that no one is without fault; that every variety 
of human nature may justly be censured. And for pur- 
poses of illustration, we may refer to groups of persons 
and interests. We could not accurately speak of them 
as classes; but these groups might be, and heretofore 
have been, mentioned as the capitalistic group (includ- 
ing their representatives), the labor group, and the 
general public. Slight effort at analysis will demon- 
strate how far short of accuracy these descriptions are. 

Who compose the first? Those who have accumu- 
lated property; if so, how much? 

Who make up the second? Those who work with 
their hands; if so, with the shovel, the lever of a machine 
or the pen? 

Who constitute the third? Those who neither pos- 
sess pecuniary resources nor perform any labor? If so, 
there is none to be considered in this connection, for the 
group would be small in numbers and subjects of charity 
or public control. Obviously, the public is made up of 
the entire population. 

And yet, we can comprehend to some extent what is 
in the minds of some of the writers and speakers who 
undertake to make these classifications to which I have 


alluded. 
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EMPLOYERS 


I will, for present purposes, place the members of 
this large audience in the first group. Most of you are 
possessed of accumulated savings and occupy important 
positions, although you started from the lowest rung of 
the ladder of success, and because of merit and hard 
work have reached your present station in life. You 
have, in management, in greater or less degree, marked 
responsibilities in regard to each and all of the groups 
described. You could not shirk nor minimize them if you 
desired to do so. As a business citizen you must account 
to others for your stewardship. What you say, what 
you do, will have an important influence in national, 
even international affairs. It will be good or bad. You 
must consistently observe the principles of the Constitu- 
tion, the provisions of the laws of the land, the rights 
and interests of your neighbors, including your em- 
ployees, customers, competitors and the general public. 
You must be unselfish, reasonable, fair, sincere and 
honest. You should, without interruption, give evidence 
of a disposition to conciliate and co-operate. Regardless 
of the past, even though you may believe you have been 
unjustly treated or censured, you should and will make 
and keep resolutions for the future which you know are 
proper. All this, of course, applies with full force to 
your President. 

If we adhere firmly to these principles, if we are 
steadfast and true; and then courageously, though 
modestly, proclaim our rights and insist upon proper 
consideration in return it will be accorded. We have 
heretofore been somewhat backward in this respect. 


E\MPLOYEES 


Employees generally are included in the second 
group. With all others they have full and equal rights 
and responsibilities. They must and will realize that 
their advancement and contentment depend upon the 
progress and prosperity of the employers; that, except 
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for the willing and free investment of capital up to the 
requirements of business demands, together with full co- 
operative assistance on the part of the best talent, enter- 
prise and initiative would languish and disappear and 
that indifference and idleness would be substituted. 

Agitators who are trying to create trouble between 
employees and their employers as a rule are insincere 
and selfish. Generally, they, themselves, have per- 
formed no hard labor, nor had experience which qualifies 
them to lead or instruct. They strive for personal 
popularity and gain. Their business is better, their 
compensation increased, when others are in trouble. 
Assuming to be sympathetic and superior in intelligence, 
they mislead and often misrepresent. They promise re- 
forms, but their methods lead to trouble and loss to 
others. In this list are included a few writers, lecturers, 
public speakers and self-appointed labor leaders, so 
called. 

The great masses of employees, if left to decide for 
themselves, are loyal to the country, to the public inter- 
est and to their employers; and to the extent of this 
loyalty they will be rewarded up to the full measure of 
their deserts. This they will have the right to demand; 
and it will be readily and cheerfully accorded. 'They 
also should, and they will, continuously exercise a dis- 
position to conciliate and co-operate. As applied to all 
groups, faithful performance, and this only, will insure 
highest pecuniary results and most liberal treatment. 

We sometimes hear a man claim that the world, or 
the nation or the public owes him a living. | This is fool- 
ish and preposterous. There is due every citizen of this 
country no more and no less than the same opportunity 
to procure a living that is accorded any other. This is 
the standard of fairness and justice. The state cannot 
furnish to the individual natural ability or disposition. 
The man who is honest, who reads, studies, thinks, works, 
economizes, saves, persists and uses his best judgment 
will succeed in this country. If he is neglectful, indolent, 
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profligate and dishonest, he will fail. A large majority 
of the men of the United States who have become prom- 
inent in statesmanship, finance, professional or business 
life, started from an humble beginning; and, by their 
own endeavor, have advanced. Ordinarily the men who 
complain because of their poverty or position in life have 
only themselves to blame. There are exceptions, such 
as those who are naturally or otherwise disabled at birth 
or later, and they are entitled to and do receive public 
assistance; but, as a rule, those who do not prosper are 
indifferent to worthy accomplishment, or partly so. In 
every department of life in this country, in the mill, the 
shop, the store, the bank, the office, the profession, the 
schools, one may, so far as opportunity is concerned, 
start at the bottom, and, by his own energy and faithful- 
ness, progress even to the top. We who are present on 
this occasion know by experience this is true. Any con- 
cern, any organization, any government which seeks to. 
promote, demote, or retain a man in position contrary to 
his just deserts, combats the public interest, the life and 
growth of the nation; and more than this, is perpetrat- 
ing an incalculable injury to the man himself. 


THE PuBLic 


In the classification suggested, the public compre- 
hends every citizen except the individual who is dis- 
cussing the subject. Speaking of men we can define 
interest only as either public or private. Depending 
upon the question under consideration, we may embrace 
in the word “public” a community, a village, city, county, 
commonwealth or nation; but the question comes back 
to either public or private interest. 

As each individual in the groups heretofore men- 
tioned is obligated to conduct himself or herself in such 
manner as to promote and not impair the public welfare, 
so the public is likewise responsible to the individual. In 
public discussions, and occasionally in newspaper edi- 
torials, it is frequently assumed that there is no cor- 
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responding and reciprocal duty on the part of the 
general public whom, at the particular time, the speaker 
or writer attempts to represent. Unjust attacks or 
criticisms against individual interests, sometimes pro- 
miscuous, in other instances by name, are made from a 
biased standpoint or upon distortion of the facts. The 
exact truth is not infrequently ignored or overlooked. 
Many able discourses in the press, in the Congress of 
the United States, by public officials, even from the 
pulpit, are based on a misstatement of the facts. Those 
possessed of least ability from experience or otherwise 
are most pronounced in abuse or misrepresentation. It 
sometimes seems apparent that persons indulging in 
harsh criticisms purposely avoid ascertaining the truth 
which is easily obtainable. A proposed assertion that 
might seem to be effective in popularizing the speaker or 
influencing the poorly advised, would be withheld if 
previous inquiry were made as to the truth. 

The speakers or writers who are recklessly unjust 
are rare exceptions. But for this reason, if for no other, 
they perhaps receive more extended notice. And they 
are a part of the general public and from that viewpoint 
claim to prepare and deliver their dissertations. 

The volunteer guardians of the public welfare and of 
private individuals and interests are numerous and 
audacious. ‘They wrap about themselves the cloak of 
self-righteousness and proclaim from the housetops. 
The public has a duty to perform in exposing and con- 
troverting hypocrisy and sham on the part of the reck- 
less and irresponsible. In its own interest it is bound to 
protect private property, private business and capital. 
and of course, most of all, those who are least capable of 


caring for themselves. 

Every individual should under all circumstances re- 
ceive from all others honest and fair consideration. 
There should not be, there must not be, any discrimina- 
tion against or in favor of any particular group of per- 
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sons if this country is to retain the position among the 
nations to which it is justly entitled. 

The general public, whether it is represented by 
governmental heads, by Congress or otherwise, should 
co-operate with and assist private enterprise. Every 
department of government has responsibilities and 
opportunities of magnitude at this particular period in 
our history, remembering that general prosperity is the 
first essential. They can do much toward the preserva- 
tion or destruction of the Ship of State. They can by 
precept and example contribute in rehabilitating and re- 
establishing the affairs of this country. For constructive 
statesmanship, which will add to stability and progress 
in the moral, economic, social and political life of the 
nation, they will be entitled to the commendation of all 
mankind; while by a narrow-minded, partisan, fault- 
finding, destructive policy, they will create discord, dis- 
tress and demoralization. The majority of the people of 
this country are tired of petty animosities, of unreason- 
able rewards or punishments, of undue restrictions or 
liberality concerning public or private undertakings. 
They are disgusted with muckraking, which usually is” 
conducted for the glorification of the inquisitor and at 
a large expense to the public.- This is especially true of 
the present, when sentiment is inflamed and when the 
burdens of taxation are almost intolerable. 

A. word concerning the next President—the Captain 
of the Ship of State. There must be selected one who 
is able, wise and well-informed, of unquestioned honesty, 
morally and intellectually, eminently fair and impartial, 
frank and sincere, broad-minded, deeply sympathetic, 
courageous, sturdy and well balanced; and above every- 
thing else, loyal to the Constitution and the laws of the 
land. 

Other problems of magnitude, national and inter-- 
national, engage our attention at the present time, but 


those of highest importance relate to the life and safety 
of our Ship of State. 
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CONCLUSION 


We have reason to expect, and I firmly believe, 
that now and henceforth, more than ever before in our 
history, a spirit of unity will pervade and control the 
minds of all the citizens from the President down; that 
each one will recognize a personal responsibility to his 
country and to all its inhabitants; that strictest economy 
in expenditures and management, lowest costs, and 
proper compensation for faithful performance will be 
the universal sentiment; and that order, stability, ad- 
vancement and prosperity will surely follow. 


* * * “Sail on, O Ship of State! 

Sail on, O UNIoN, strong and great! 
Humanity with all its fears, 

With all the hopes of future years, 

Is hanging breathless on thy fate! 

We know what Master laid thy keel, 
What Workmen wrought thy ribs of steel, 
Who made each mast, and sail, and rope, 
What anvils rang, what hammers beat, 
In what a forge and what a heat 

Were shaped the anchors of thy hope! 
Fear not each sudden sound and shock, 
"'T is of the wave and not the rock; 

"T is but the flapping of the sail, 

And not a rent made by the gale! 

In spite of rock and tempest’s roar, 

In spite of false lights on the shore, 
Sail on, nor fear to breast the sea! 

Our hearts, our hopes, are all with thee, 
Our hearts, our hopes, our prayers, our tears, 
Our faith triumphant o’er our fears, 

Ave all with thee,—are all with thee!” 
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PRESIDENT Gary: We shall now have the pleasure 
of hearing an essay of Mr. George Otis Smith, Director, 
United States Geological Survey, entitled “Industry’s 
Need of Oil.” 


Mr. SmiruH: Mr. President and gentlemen of the 
Institute: I appreciate this opportunity of facing this 
notable audience, for I realize that I am speaking to the 
representatives of America’s most progressive industry 
on the subject of what is today America’s most critical 
problem in the matter of raw materials. 


INDUSTRY’S NEED OF OIL 


GEORGE OTIS SMITH 
Director, United States Geological Survey, Washington, D. C. 


In the chronology of industry the last ten years 
might fitly be called the petroleum decade. 'The growth 
of the automotive industry, spectacular as it has been, 
was made possible only by the ever-increasing supply of 
gasoline. In the terrible four years of war every new 
machine of destruction on land and sea, in the heavens 
above and the depths below, depended on American oil 
wells for motive power; and the peace demand for 
petroleum products has already overtopped the war 
peak. 

In these ten years the natural inclination of mankind 
to trust to the largess of nature has found abundant 
incentive. In the summer of 1910 the Lakeview 
Gusher in California excited popular interest with its 
flow of 40,000 barrels a day, but just before the close 
of this same year this record was surpassed by that of 
a well in Mexico, the Potrero del Llano No. 4, with a 
maximum flow of about 160,000 barrels a day, yet even 
this outburst of oil was exceeded five years later by an- 
other Mexican well, the Cerro Azul No. 4, whose meas- 
ured flow was more than 260,000 barrels in twenty-four 
hours. These individual performances, together with 
the strikes at Cushing and Healdton,; Oklahoma, and 
the later oil booms in North Texas and Louisiana, all 
have increased the popular faith in the inexhaustible 
supplies of petroleum. 

Ten years ago the wells of the United States were 
adding to our reserve stocks 15 million barrels in the 
year; now the current is in the other direction, for in 
the last nine months our stored petroleum has been 
drawn upon to the extent of 15 million barrels. In 
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1910 our imports of oil were an insignificant item, but 
in 1919 we were obliged to import nearly 47 million bar- 
rels of crude oil more than we exported. Ten years 
ago Mexico was our customer for crude oil as well as 
for refinery products, but now we realize too keenly our 
dependence upon the Mexican wells; without the nearly 
24,000,000 barrels imported from Mexico in the first 
four months of 1920, our present situation would be in- 
deed critical. 

In terms of oil, then, the decade 1910-1919 is best 
described as a transition from oversupply to over- 
demand. And figures already available indicate that 
in both production and consumption the present year 
promises a record that will further emphasize this dis- 
cordance between supply and demand. The first three 
months of 1920 have established a rate of domestic pro- 
duction that if unchecked will mean a total for the year 
of 415 million barrels, or nearly twice the output of | 
1910, and a rate of consumption that would make the 
year’s requirements more than 490 million barrels, or 
one-seventh more than last year’s consumption. 

A few months ago I tried to visualize the torrent of 
oil consumed by the country in 1918 by pouring the 
413 million barrels over Niagara Falls, and I found that 
the oil supply of that year equaled the flow of waters 
from the Great Lakes, with their vast drainage basin, 
for three hours and four minutes; but already here is 
promise that the consumption of oil in the United States 
the present year must be likened to the flow of Niagara 
for three hours and forty minutes. The vision of such 
a river of petroleum prompts the question, what are 
we doing with our oil? 

Facts of consumption are not easily determined. 
Where our oil comes from is a matter set forth each 
month in our Geological Survey reports; where it goes 
is largely a matter of conjecture. We all know in a 
general way the different kinds of demand. Foremost 
among these is the ever-increasing thirst for gasoline by 
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the automotive engine, whose name is legion; next is 
the larger use of fuel oil for steam making; then the 
universal need of all industry for lubricants; and finally 
the many other uses for petroleum products, not less 
important, perhaps, though involving less volume, un- 
less we except the accumulated demand for asphaltic 
oils for road construction. Industry’s need of oil has 
become large, and in several items the demand for more 
oil is now insistent. The next question is one of the 
relative worth of these industrial needs. If every de- 
mand for oil cannot be met, which use is to be given 
priority ? 

The first official note of warning that demand was 
overtaking supply was sounded a dozen years ago, but 
only within the last few months has that note swollen 
into a chorus, and the reason for this chorus of alarm is 
evident. Rising prices have led to the rediscovery of 
the law of supply and demand, which was supposed to 
have been repealed during the war; a consumption 
curve that rises faster than a production curve is the 
graphic signal of danger ahead; the heavy draft now 
being made upon our accumulated stores of oil—more 
than 10 per cent. gone in nine months—tells the story 
that we are living beyond our means; and it all leads 
us to ask ourselves, in this day of apparent plenty, 
where will our children get the oil they need? 

The response that the petroleum industry has made 
to the pull of demand during the last few months may 
be taken by optimists as a measure of what we can 
expect in the future. An intensive drilling campaign 
has been the practical response to high prices for crude 
oil, just as the orgy of newspaper advertising of ques- 
tionable oil stocks is the reflection of popular interest 
in the petroleum situation; but even the most wisely 
directed drilling can give only temporary relief: ener- 
getic pushing upward of the production curve only 
hastens the coming of the year when that curve must 
turn downward. How soon we may expect the peak 
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of domestic production becomes a very practical ques- 
tion, inasmuch as no one can see any prospect of any 
let-up in demand. 

The fuel reserves of a nation are no less essential 
to its future industrial welfare than the gold reserves 
are essential to its present financial stability; but once 
lowered, these reserves of coal and oil in the ground 
can never be replenished. The official estimate of less 
than seven billion barrels of oil as the quantity remain- 
ing available in the ground in the United States is 
believed to be liberal, but even if we inflate such an 
estimate 25 per cent., the indicated reserve is seen to be 
far from ample when we contemplate our probable con- 
sumption this year of nearly half a billion barrels of 
crude oil. The division of ultimate domestic supply 
by current demand is all too simple a sum in mental 
arithmetic. 

An estimate of the petroleum resources of the world. 
has just been published by the chief geologist of the 
United States Geological Survey, Mr. David White, 
and his figure of 60 billion barrels for the whole world 
is doubtless exact enough to enable us to see the oil sit- 
uation of the United States in fairly true perspective. 
Using within our own borders fully one-half of the 
world’s annual production of petroleum, we seem to 
possess only about one-seventh of what remains. This 
lack of national self-sufficiency in oil reserves may be 
expressed in another way: contrast the international 
position of the United States in respect to oil with its 
position in respect to coal. In the past ten years our 
6,000 to 7,000 coal mines have contributed 41 per cent. 
of the world’s output of coal. Our present estimates 
credit the United States with more than half of the 
world’s coal reserves, so that if we are to think in world 
terms, the great tonnage of coal produced by this coun- 
try each year represents less than our national share. 
But now consider the petroleum situation: in these same 
ten years our 140,000 to 200,000 oil wells have poured 
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forth more than 61 per cent. of the world’s output, 
although we now believe that the United States pos- 
sesses only about 12 per cent. of the oil left to the world 
for its future use, so that in oil our nation is doing far 
more than its share. * 

When we come to consider substitutes for petroleum 
products, the capacity of your own steel industry for 
furnishing benzol and alcohol as by-products deserves 
first mention. I am informed by Mr. Walker, of the 
Steel Corporation, that plants now in operation and 
under construction have a capacity of 95 million gal- 
lons a year—that is, if the output of light oils is con- 
verted into motor benzol. Such an annual contribution 
of less than two million barrels, however, is equivalent 
to not much more than a week’s output of gasoline as 
the refineries of the United States are now running. 
The recovery of alcohol from your coke ovens has not 
yet begun, but British experience seems to show that 
the maximum alcohol capacity of the coke ovens of the 
United States might be less than their benzol capacity. 

Apparently, then, the benzol and alcohol possibilities 
of the steel industry cannot be regarded as promising 
- enough motor fuel even to meet the present increase in 

demand. It must be recognized, however, that this 
country, as the world’s greatest consumer of coal, has 
not fairly begun by-product recovery. With the higher 
cost of coal and this increased demand for by-products 
more efficient practice must result, in the natural course 
of economic events. 

The oil-shale resources of our country must not be 
overlooked nor their national value underestimated as a 
rear line of economic defense. As their oil content is 
fairly comparable with the petroleum reserves of the 
world, these shales furnish an effective guaranty against 
the United States going bone dry as to oil, but the oil 
won from oil shales will not be labor cheap like the 
petroleum now flowing from our wells. As long as 
industry is short-handed it cannot look for relief from 
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oil shale, nor can it expect any return to low prices by 
utilizing this resource, however vast its extent; yet these 
western mountains of oil shale stand as a visible prom- 
ise that even when our underground reservoirs of petro- 
leum are drained the United States will not be at the 
commercial mercy of any foreign power—not even if 
that power has been prompt to take advantage of the 
present opportunity to acquire a majority share in the 
world’s oil resources. Still, even with the largest meas- 
ure of optimism, backed up with our oil shales, we must 
face the contingency that the next generation of Ameri- 
can business men may see their trade rivals across the 
Atlantic turning the wheels of industry and commerce 
with cheaper oil than is available in the American mar- 
kets. Regard for the future, then, forces us to plan 
how to use less oil at home and how to acquire our share 
of the foreign supply. 

It is high time for us to begin to weigh the essential : 
uses of petroleum. Oil was first used as an illuminant, 
but today, whether in the kerosene lamp on the modern 
frontier or as gas-oil to enrich the gas of the city, this 
use of a petroleum product is not increasing on the same 
scale as the industrial uses. In power generation oil 
takes on much larger economic values, whether as gaso- 
line or as fuel oil. The demand for gasoline seems to 
obey no law of normal increase, and the higher cost of 
coal in recent years has greatly stimulated the use of 
fuel oil under steam boilers. Fortunately the rapid in- 
crease in the consumption of fuel oil by locomotives 
seems to have been checked at about the same time that 
it has found a wider use in stationary steam plants. 
Last year the public-utility power plants of the United 
States consumed 11 million barrels of fuel oj] in gener- 
ating electricity, nearly half of it in coalless California. 
In the Kast the present oil shortage has doubtless 
started a reaction in the popularity of fuel oil caused by 
the coal shortage in the war years. The more adequate 
and reliable supply of coal must in the long run give 
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coal the advantage for use under stationary boilers, for 
despite the labor economy attained through the use of oil 
the assurance of an unfailing supply of fuel is of first 
importance in industry. 

Prices also will eventually exert an automatic con- 
trol on the use of oil products. Not only is the inade- 
quate supply stimulating high-cost production as well 
as rewarding low-cost operation with unusual profits, 
but however much we may desire low-priced gasoline 
we can not wave aside the economic facts of supply and 
demand. High prices are here for crude oil and for 
every one of its products, and high prices will help to 
bring about a kind of economic survival. The more 
essential use of oil—that is, the use of oil where it serves 
the greatest end—will survive, and business practice, 
public opinion, and even, if needed, governmental regu- 
lation should work together to enforce obedience to 
this democratic rule of the greatest good to the greatest 
number. Plenty and cheapness have led to waste; 
scarcity and dearness ought to promote thrift. It is a 
problem for the nation as well as for your individual 
plant to get larger values out of the higher-cost coal 
and oil. 

In any weighing of the uses of petroleum certain 
changes in practice appear inevitable. The use of gaso- 
line to serve our pleasure can not go on unchecked—the 
joy ride is not the kind of “pursuit of happiness” re- 
garded as an “unalienable right” by our Revolutionary 
fathers. The use of fuel oil as a substitute for coal 
must be discouraged, for our Navy and our merchant 
marine need the fluid fuel for reasons that do not apply 
to stationary boilers or even steam locomotives. On 
terra firma a power program can be worked out that will 
hitch up coal mine and waterfall efficiently, and both 
industry and transportation can be fully electrified to 
the end that, except perhaps on the Pacific coast, not a 
barrel of oil should be used under boilers. The neces- 
sity of caution in enlarging the field of fuel oil is the 
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more apparent when we realize that, as suggested by 
the Bureau of Mines, every increase in demand for 
other petroleum products for a higher use entails a loss 
in the percentage of fuel oil produced. 

The requirements of the American Navy and the 
new merchant marine present a priority demand of the 
first order. Admiral Griffin, the chief of the Bureau 
of Steam Engineering of the United States Navy, in- 
forms me that the oil-burning vessels ready for service 
aggregate more than 6,000,000 horsepower and that 
other vessels under construction will bring this total 
up to nearly 9,000,000 horsepower. The Navy now 
needs eight million barrels of fuel oil a year, yet this 
figure is small compared with the requirements of the 
Shipping Board, which are stated by Mr. Paul Foley, 
its Director of Operations, as 40 million barrels for 
1920 and 60 million for 1921. If the American flag 
is to fly on the seven seas, the motive power to carry 
it must be assured, and here is one demand for fuel oil 
which alone equals the present output of our refineries 
for about four months. Surely no American with 
vision wishes to contemplate even the possibility of a 
shortage of fuel oil that would endanger the immediate 
availability of these battleships, cruisers, and destroyers 
or interfere with the successful operation of the pas- 
senger and freight steamers in the construction of which 
our nation has invested so many millions. 

In our attention to the generation of power to meet 
the needs of industry and transportation we give too 
little thought to one unique function of oil—that of sav- 
ing power. Machinery without lubrication is unthink- 
able; adequate lubrication saves energy and makes it 
available for use as well as adds to the life of the ma- 
chine. There is little danger of shortage in lubricating 
oil for the Navy, for the daily refinery output, as re- 
ported by the Bureau of Mines, is almost sufficient to 
supply the Navy for a year with lubricating oil, whereas 
about three weeks’ run would be necessary to meet the 
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Navy’s annual needs in fuel oil. Yet, on second 
thought, we realize how universal is the use of lubricat- 
ing oil, in the home as well as in the largest steel plant, 
in the motorcycle and locomotive, in the electric fan 
and the power stationeverywhere oil is needed in the 
bearings, a single drop or many gallons. And in look- 
ing to industry’s future needs of this petroleum prod- 
uct large plans should be made, for our use of power 
and machinery is increasing faster than is generally 
appreciated. The statistics of electric power genera- 
tion collected monthly by the Geological Survey show 
that the war peak was exceeded last year, and already 
the opening months of 1920 are ahead of the corre- 
sponding months of 1919 by 16 per cent., and an in- 
crease on this scale means not only larger fuel consump- 
tion but a larger requirement of lubricating oil. Even 
more significant in its suggestion of future needs is a 
recent order for a million small motors for household 
use. The introduction of labor-saving machines at this 
rate will make lubricating oil a necessity in every home. 
This need for oil to insure our industrial life inspires 
the call for pioneering on other continents by American 
oil companies.’ In the world estimates we credit South 
America with a third more oil reserves than the United 
States, so that one guidepost for the explorer and de-— 
veloper plainly points to the south. ‘To the steel indus- 
try this American hunt for oil, not only in the Western 
Hemisphere but in the Far East, has special signifi- 
cance. Wherever an oil field is developed by American 
capital not only will. its product be available either for 
our home refineries or for the more distant American 
bunker stations in the world’s crossroads, but all the 
supplies needed to develop and operate this foreign oil 
field will come from the United States. An “Inter- 
national Oil” operating in South America means an- 
other market for the product of a “National Tube” 
operating in Pennsylvania. aay . 
To you, leaders in a great industry, 1s given the priv- 
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ilege of planning for the future on a large scale. Per- 
haps we Americans, as possessors of a continent-wide 
country with unparalleled resources, have thought more 
of exports than of imports—more of markets for our 
products than of raw materials for our industry. Yet 
commerce means exchange of commodities, and for the 
future supply of some things that we need we must look 
beyond our own shores. And our industrial program 
for the future is well worth safeguarding, for upon it 
depends our national welfare. 

That industry is not an end unto itself was well 
illustrated by a photograph in this spring’s Pittsburgh 
exhibition. The picture had the simple title “The Day’s 
Work.” In the foreground was a family wash, hung 
out on the fence; beyond loomed the high stack of a 
blast furnace. This commonplace scene well portrays 
the two types of industry—the one that of the humble 
home maker; the other that of progressive Big Busi- 
ness—and in our planning for industrial development 
our cue should be to keep the American home ever in 
the foreground. It is this kind of vision, this regard 
for the future, that arouses us to activity in protecting 
America’s supply of every essential material. 


Vicr-Presipent Scuwaz: I am sure the Institute 
extends its thanks to Mr. Smith for his very interesting 
paper. Judge Gary has asked me to take his place for 
a while, that he might rest, having a long day ahead of 
him. 

The next paper is “Welfare Work in the Steel In- 
dustry,” by Mr. C. L. Close. Mr. Close is not in good 
health this morning, and Dr. R. M. Little, Director, 
Safety Institute of America, will read Mr. Close’s 
paper. 


WELFARE WORK IN THE STEEL INDUSTRY 


CHARLES L. CLOSE 


Manager, Bureau of Safety, Sanitation and Welfare, United States Steel 
Corporation, New York 


In the early stages of the development of the iron and 
steel industry, little attention was given to the consery- 
ing of human resources, or to the general conditions 
under which employees worked and lived. Industrial 
pioneers in this country were confronted by many in- 
tricate and complex problems. They struggled against 
obstacles which only men of strength and character 
could surmount; and so occupied were they in the de- 
velopment of processes and in the effort to become 
leaders of the world in manufacturing that they could 
give only slight consideration to the human side of steel 
making—it was a subject not included in the daily rou- 
tine of their activities. They did not know what could 
be done in this direction. 

Today we stand first among the steel making nations 
of the world, and we owe that position to the courageous 
spirit of those pioneers. The first furnace for smelting 
iron in the United States was built on the James River, 
in 1621, by Englishmen under the guidance of John 
Berkeley. The industry was new, the country unde- 
veloped, the Indians hostile, and guns were an important 
part of the equipment at the furnaces, but in spite of 
these adverse conditions the industry which was destined 
eventually to lead the world in the production of iron 
and steel was established in this country. However, 
it was not until after the Civil War, some fifty years 
ago, that the activities were begun which have placed 
this country foremost among the nations of the world 
in the manufacture of steel. Men of courage were 
needed in those early days, with the meager facilities at 
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their disposal, to lay the foundation of this industry; and 
men of determination and perseverance were needed to 
develop it to its present magnitude. In approximately 
fifty years, an industry has been developed which em- 
ploys over six hundred thousand people and produces 
annually more than sixteen hundred million dollars 
worth of the material most essential to our civilization. 
Over and over again the pioneers in this industry risked 
all they had in the world, lost everything, and afterward 
won back more than they had lost. Considering the al- 
most insurmountable obstacles which these men faced 
and the difficulties under which they labored, criticism 
of them for failure to develop the finer details of the 
human side of steel making is hardly justified. 

With the development of the industry and the gradu- 
al perfection of the product, the attention of the in- 
dustrial manager was drawn naturally to the finer de- 
tails of steel making, respecting efficiency and economic 
production; and from his close scrutiny and study of the 
economic situation were evolved many changes which 
have revolutionized practices, processes and equipment. 
No doubt, many of you will remember the old days, not 
so long ago, when production was the paramount issue 
in the steel mill. It was the aim of the plant officials to 
produce; to keep the wheels turning and the mill in 
operation, with little attempt to stem the yearly sacri- 
fice of life and limb in the industry. No one wanted 
men to be injured; it was simply that the human side of 
steel making had not yet been considered seriously and 
accidents were treated as a necessary and unpreventable 
evil—one of the hazards of the industry. 

But times have changed; production is still the rul- 
ing factor; but activities, based upon sound and broad 
policies, have been established to protect the worker. 
Every endeavor is being made throughout the industry 
to create in the plant, home and community, environ- 
ments which will contribute to the workman’s happiness, 
health and comfort, to foster within him a spirit of con- 
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tentment and co-operative interest in his work, and to — 
insure him against serious injury and physical disability 
which may affect his earning power or his standing as 
an efficient producer. With the fuller realization of the 
importance and necessity of welfare work in our indus- 
trial establishments, these activities have gained such 
earnest recognition from employers of labor that today 
welfare work may be classified as one of the essential 
features in successful and efficient plant management. 
The results which have been obtained since the inaugura- 
tion of the intensive movement have been most gratify- 
ing. ‘Thousands of workers have been saved from seri- 
ous injury or death. Their health has been preserved 
through study and correction of mechanical processes 
which in former years proved injurious. Customs and 
modes of living have been improved materially and bet- 
ter morale has been established in our industrial forces. 

Primarily, this great movement in the industrial 
world was purely humanitarian, a manifestation of the 
sympathetic feeling the average person must feel toward - 
his fellowmen; and in no other direction, perhaps, has 
there been a more shining example of the application of 
the Golden Rule so dear to the heart of the honorable 
President of this Institute. ‘lo him, and to the other 
leaders and their associates in this great industry, we 
owe much, for it was through their foresight and untir- 
ing efforts, backed by financial support, that the work 
carried on today in our manufacturing establishments 
and industrial communities was made possible. ‘The ex- 
cellent co-operation of the members of this Institute 
has done much to promote welfare work, and the 
monthly bulletin published by the Institute was a fruit- 
ful source of information. 

Let us see what the large corporations are doing to 
solve the present-day problems. In covering the vari- 
ous subjects, I shall dwell particularly upon the work of 
the United States Steel Corporation and its subsidiary 
companies, with which I am most familiar; but these ac- 
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tivities are similar in many respects to those conducted 
by other large companies of the iron and steel industry. 


ORGANIZATION 


While in recent years some thought was given to the 
human side of steel making by the large companies and 
various attempts were made to improve conditions, no 
concerted or organized effort was made until after the 
formation of the United States Steel Corporation. In 
order to systematize and standardize the work that was 
being done by the subsidiary companies, the United 
States Steel Corporation, in 1906, inaugurated activities 
which resulted in the appointment of committees to 
study welfare matters. This investigation resulted in 
the appointment of a Safety Committee, comprising offi- 
cials of the corporation and representatives from the 
larger subsidiary companies who had already given some 
study to the subject of accident prevention. This com- 
mittee has been continued and now meets periodically 
to consider all phases of accident prevention activities, 
to pass upon safety devices, to study serious accidents, 
and to recommend remedial measures against the recur- 
rence of similar accidents. 

Due to the success of the work undertaken by the 
Safety Committee, other committees were appointed, 
both in the corporation and subsidiary companies, which 
greatly augmented the scope of the work and its use- 
fulness; and later the organization of a central station 
became necessary to further the efforts of the commit- 
tee and all other endeavors by the various companies to 
improve the condition of their employees. Accordingly, 
in March, 1911, was organized the Bureau of Safety, 
Sanitation and Welfare, of which I have the honor to 
be manager, and my entire time is given to the super- 
vision of the work, and to the task of obtaining informa- 
tion and disseminating it among the various companies. 

The bureau carries on the administrative work of the 
various committees dealing with these subjects. It dis- 
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tributes to the subsidiary companies comparative state- 
ments on accident prevention, compiled from reports 
submitted by the companies periodically, which enable 
each company to benefit by the experience of all the 
others. While the bureau was established primarily for 
the benefit of the United States Steel Corporation, it is 
constantly in communication with state and national au- 
thorities, with other employers of labor, and many other 
persons, including representatives of foreign countries, 
interested or actively engaged in this work. From many 
sources the bureau obtains valuable information and 
keeps the subsidiary companies advised of the latest and 
best methods in accident prevention and welfare work. 
From the beginning we realized that co-operation 
among those carrying on this work was a valuable fea- 
ture. Scarcely a day passes without a call from some in- 
dividual, or committee, interested in the welfare work 
of some company or corporation, for the purpose of 
securing information regarding the general plan or 
certain specific details of the work. 


ACCIDENT PREVENTION 


The good resulting from the work of the corporation’s 
safety committee led to the appointment of safety en- 
gineers and supervisors, and other safety committees, 
including a central committee of safety for each sub- 
sidiary company, composed of representatives from the 
different plants of the company. The duties of this 
committee are similar to those of the corporation’s 
safety committee, but with reference to its particular 
company only. There are also plant safety engineers 
and committees composed of important officials of the 
plant, whose duties are similar to those of the central 
safety committee, but with reference to their particular 
plant only; there are department and special commit- 
tees consisting of foremen, master mechanics and skilled 
workmen, who investigate particular problems, and 
there are workmen’s safety committees from the rank 
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and file of the mill, including even the foreigner who 
cannot speak English. The functions of these mill com- 
mittees are to assist in establishing safer and better 
working conditions for the employees by making a study 
of the general. conditions, departmental and occupa- 
tional hazards and practices, and to encourage the co- 
operation of their fellow workmen in promptly report- 
ing for correction any existing unsafe conditions or 
practices through which personal injury may result. 
These committees meet at least once a month for the 
purpose of making formal departmental or inter-de- 
partmental inspections; also they review accidents, sug- 
gest remedies—physical or operating—and render full 
reports with recommendations to the chairman of the 
plant central safety committee. So far as practicable 
the members of the plant committees represent the vari- 
ous occupations, and membership is rotated frequently 
in order that as many men as possible shall serve upon, 
these committees. Up to the present time some twenty- 
six thousand employees have served upon the commit- 
tees, and there are now fifty-five hundred men so serv- 
ing. This is in addition to 101 safety engineers and 
supervisors who devote their entire time to accident pre- 
vention work. 

General requirements for safety have been prepared 
by the corporation’s safety committee for the guidance 
of the subsidiary companies, and each company has pre- 
pared safety standards and specifications for plant con- 
struction and the purchase and installation of machinery 
and equipment. When constructing a new plant or de- 
partment, or when installing machinery or equipment, 
an endeavor is made to have safety given equal consid- 
eration with construction features, so that all safety ap- 
pliances may be properly installed with the completion 
of the new work. By so doing the protection of the 
workmen against the ordinary hazards incident to ma- 
chinery operation is insured at the time of the initial 
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Barbed wire machines before installation of safety devices 


The same machines after installation of safeguards. To date approximately 
ten million dollars have been spent in providing safeguards, and in the 
correction of conditions which are responsible for accidents 
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operation of the equipment, and the expense incident to 
installing safeguards in the field is obviated. 

The results of the work on accident prevention have 
been most gratifying. The serious and fatal accidents 
are now only about one-half of what they were in 1906; 
and it is estimated that in the time intervening we have 
saved 25,853 men from serious or fatal injury. The 
total number of disabling accidents—that is, accidents 
which cause a loss of time of greater duration than the 
balance of the working turn—have been reduced in 
some instances as much as ninety-seven per cent. To 
date, approximately ten million dollars have been spent 
in providing safeguards and in the correction of condi- 
tions responsible for accidents. 

Experience has taught us that fully eighty to ninety 
per cent. of industrial accidents can be eliminated if 
steps are taken to organize the work properly. It has 
also taught us that from seventy to eighty per cent. of 
all accidents occurring are attributable to thoughtless- 
ness or carelessness either on the part of the workman 
himself or his fellow workmen. It is evident, therefore, 
that considerable attention must be given to educational 
measures whereby the workmen may be taught the fun- 
damental principles upon which successful accident pre- 
vention is based, and to the inculeation of habits of care 
and forethought to overcome careless habits. The 
leaders in safety activities in the Steel Corporation have 
been impressed with the importance of this feature of 
the work, and every effort is made to establish hearty 
co-operation through timely instruction at the time of 
employment; departmental safety meetings; safety 
rallies; safety poster bulletins and propaganda which 
will reach the employees through the medium of bulle- 
tin boards conspicuously placed throughout the plants; 
safety precepts printed on the back of pay envelopes or 
occasionally inserted in the envelope; and through 
safety literature in the plant paper, wherever such a 
publication exists. Various safety motion picture reels 
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have been produced, which tell a strong story in picture 
form, and which can be understood by all. ‘These are 
used extensively for educational work in the plants, and 
at large safety rallies to which the workmen and their 
families are invited. 

Statistical data prepared a few years ago by the Gov- 
ernment, based upon careful investigation, indicates 
that the steel mills in this country are the safest in the 
world. A study of accident experiences in the steel mills 
of Germany, which country, as we all know, is well ad- 
vanced in the art of steel making, shows a rate of acci- 
dent frequency, covering fatalities and permanent and 
temporary disability over a period of thirteen weeks, of 
more than seventeen per thousand men employed as 
against a rate of ten per thousand men employed in the 
mills in this country. It was found that only one plant 
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in America among those covered by this investigation 
had a frequency rate greater than that mentioned above 
for Germany. This is, indeed, an excellent showing for 
the American steel mills and one of which we may be 
justly proud, the more so in view of the fact that acci- 
dent prevention is a subject to which much attention has 
been given by the German manufacturers. 

The material reduction of life insurance rates for steel 
mill workers by one of the largest insurance companies 
in America, after an exhaustive study of the situation, is 
a further indication of the progress which has been made 
in the steel industry in this country in the prevention of 
accidents. In 1908 most of the occupations of the in- 
dustry were classed as hazardous, whereas at the present 
time not a single occupation or group of employments 
is so classified. 


First Aip AND REscUE 


Recognizing the fact that with the utmost care and the 
protection afforded by the most approved safety devices 
and apparatus, accidents will occasionally happen, the 
subsidiary companies have made provision for prompt 
attention and skilful care of men injured. In all our 
mining companies, and many of our manufacturing 
companies, first aid and rescue crews have been organ- 
ized, composed of four to six employees who are trained 
under the direct supervision of the company doctors. 
This service is purely voluntary on the part of the em- 
ployees, but before they are permitted to enter a train- 
ing class they must obtain a written statement from their 
physician certifying to their physical fitness for the work 
and the duties incident thereto. The course of training 
usually comprises twelve lessons covering lectures, drills 
and demonstrations, and upon completion of the course, 
a certificate is given to each employee who has success- 
fully qualified for the work. There are at the present 
time sixty-two training stations throughout the opera- 
tions of the subsidiary companies, and since the inau- 


WELFARE WORK IN THE STEEL INDUSTRY—CLOSE 45 


guration of this work approximately 16,881 men have 
received instruction. 

The primary object of first aid and rescue work is to 
have available specially trained men to take immediate 
charge of the situation where a life is imperiled, as in 
the case of a serious or extraordinary accident, to give 
prompt and proper attention to injured men and to pro- 
vide clean and aseptic dressings that will prevent in- 
fection in the wound. The excellent work of these first 
aid and rescue crews has been effectual in reducing the 
number of infected cases to a minimum. When we 
consider that infected cases require three and one-half 
times as long for recovery as non-infected cases, there 
can be no doubt that the work of these crews is of the 
greatest value to the workmen and to the employers. 

The first aid and rescue crews also render very valu- 
able services in cases of asphyxiation, electric shock, 
heat exhaustion, freezing, and all minor accidents. In 
cases of cave-ins in the mines, and in severe asphyxia- 
tions at the blast furnaces, they render all possible assist- 
ance in extricating the injured men and in giving first 
aid until they can be removed to an emergency station. 
Many workers who have been entombed or overcome by 
gas owe their lives to the splendid work of these crews. 
In such cases manual and artificial means of respiration 
' and resuscitation are used to restore the injured men, 
and they receive every needful attention until they are 
fully recovered. 


EMERGENCY AND Base Hospitats 


As a necessary adjunct to first aid and rescue work 
in both mines.and mills, completely equipped emergency 
hospitals have been provided. All cases of injury, no 
matter how trivial, are sent to the emergency hospitals, 
where treatment is administered by competent surgeons 
or trained nurses. Whenever the accident is of a seri- 
ous nature, the injured man is taken to the emergency 
station, where first aid treatment is administered, and he 
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is then transferred to the nearest hospital. Public hos- 
pitals are used in most cases, although base hospitals 
have been constructed by the subsidiary companies at 
oints. pl 
ene base hospital recently constructed in Fairfield, 
Alabama, by the Tennessee Coal, Tron and Railroad 
Company, at a cost of over one million dollars, provides 


A plant emergency hospita]l—? 
surgeons or trained nurses in attendance, are maintained b 
companies of the United States Steel Corporation 


86 emergency stations, with competent 
y the subsidiary 


facilities for the benefit of its employees and_ their 
families. This hospital is a three-story and English 
basement building of the latest fireproof construction 
and is equipped throughout with the most modern facili- 
ties for handling accident and medical cases. It will 
accommodate a maximum of 348 patients. One of the 
notable features of this hospital is that identically the 
same provisions have been made for the colored as for 
the white patients. One of the reasons for the high mor- 
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Operating room in one of the United States Steel Corporation’s 
emergency hospitals 


Base hospital at Gary, Indiana. When an accident is of a serious nature 


the injured man is taken to the emergency station where first aid treatment 
is administered; later he is transferred to the nearest base hospital 
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tality rate among the negroes in the south has been due 
principally to the lack of facilities for proper care, both 
in their homes and in the hospitals, and it is the intention 
of the officials of the Tennessee Coal, Iron and Railroad 
Company to give the same attention and treatment to 
the negro employees and their families as is accorded to 
their white employees. 


RELIEF 


The officials of the United States Steel Corporation 
early recognized the fact that the burden of caring for 
the injured should be borne by the industry, and ac- 
cordingly established a voluntary accident relief plan, 
which was put into force before any such system had 
become law in the United States. This plan was purely 
voluntary and was inaugurated by the corporation in 
May, 1910. It has now been superseded almost entirely 
by workmen’s compensation laws enacted by the States 
in which the subsidiary companies are operating, which 
merely established the principles upon which this plan 
of relief was based. The subsidiary companies prompt- 
ly accepted the compensation acts, and have given the 
State commissions every possible assistance in the ad- 
ministration of those laws. 


SANITATION 


The work in sanitation was organized in practically 
the same manner as the safety work, except that the 
members of the Sanitation Committee are chosen from 
the presidents of the subsidiary companies. This com- 
mittee administers the work through a sub-committee 
composed of representatives from each of the subsidiary 
companies of the United States Steel Corporation. 

The committee on sanitation has prepared specifica- 
tions covering general sanitary requirements, and these 
are followed by all the companies whenever installations 
aremade. These requirements include specifications for 
toilets, wash and locker rooms and drinking water facili- 
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ties and are subject to revision from time to time to in- 
sure the installation of the most modern and approved 
facilities. An important requirement in these specifi- 
cations is that no wash basins shall be installed, but that 
facilities for washing the face and hands shall be such 
that employees must necessarily wash from the flowing 
stream. ‘This, we believe, is a most reasonable ruling, 
preventing the spread of diseases which might easily be 
communicated if large numbers of men were permitted 
to wash from common basins or receptacles. Good toilet 


Shower paths—2,672 of these showers have been installed. When they enter 

the mill the workmen can leave their street clothes in ventilated lockers in 

these rooms. Upon leaving the plant, they can take a shower bath, change 
to clean, dry clothing and go home refreshed 


facilities have been installed at all plants and mines. 
Additional facilities are being provided as rapidly as 
possible and eventually all operations will be fully 
equipped. 

The sanitation committee has given much study and 
attention to all matters which may, in any way, affect 
the health of the employees and their families. Notable 
among the many subjects which have occupied their at- 
tention are the investigation and observation of drinking 
water supply and its proper distribution to employees, 
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provision for the regulation of milk supply, occupational 
diseases, mine sanitation, heating, ventilating and light- 
ing systems in plants and company houses, dust removal 
at plants including roadways, sewage disposal, camp 
sanitation, provision to prevent insect and mosquito 
breeding, stable sanitation and provisions for the re- 


General view of wash and locker room in Sanitary building. 1,495 of these 

comfort stations have been provided for employees. Facilities for washing 

the face and hands are such that employees must necessarily wash from 

the flowing stream to avoid any possible danger of spreading diseases, which 

might occur if large numbers of men were permitted to wash from common 
basins or receptacles 


moval and disposal of garbage and refuse in the plants 
and dwelling communities. 

The supply of pure, wholesome drinking water for 
employees is a subject to which considerable importance 
has been attached. All sources of drinking water are 
inspected periodically, and the water analyzed, and 
great care is taken to prevent possible pollution by sur- 
face water or otherwise. The most modern sanitary 
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methods are employed in the cooling and distribution of 
water; and the common drinking cup has been practic- 
ally eliminated through the installation of sanitary 
drinking fountains. 

| In Alabama, where one of the subsidiary companies 
conducts its operations, and where the climatic condi- 
tions are peculiarly favorable to mosquito breeding, this 
company is doing much to prevent the spread of malar- 


Drainage of swamps for mosquito control in Alabama. Through this work 
malaria fever cases have been reduced from a normal 6,000 cases annually 
to approximately 200 cases 


ial fever. Streets and alleys are properly drained and 
pools and lowlands are drained or filled in where prac- 
ticable; otherwise they are covered with crude petrol- 
eum. All known methods of fighting the mosquito are 
employed. By these methods the number of cases of 
malarial fever has been reduced from approximately 
6,000 to 200 annually, and the comfort of the people 
living in the camps has been greatly increased. 

The expenditures of the United States Steel Corpor- 
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ation last year for sanitation alone was over three mil- 
lion dollars. 


PLANT RESTAURANTS 


The success attending the operation of plant restau- 
rants already installed by some of the companies, and 


the benefits resulting therefrom, have encouraged many 


The plant restaurant—here employees can obtain warm, wholesome meals 
at moderate cost. Sixty-four restaurants have been installed and more are 
under construction, The employee, when laboring overtime on a break-down 
or emergency work, or, in exposed situations during severe weather, can 
secure a full meal at his usual dinner hour or can be refreshed by a portion 
of hot soup or coffee. In the home the burden of the housewife in the daily 


preparation of the dinner bucket, following the serving of an early morning 
meal, is materially relieved 


more installations of like character in other plants. In 
addition to giving the employees an opportunity to se- 
cure good, wholesome food at moderate cost, there are 
other benefits more diversified in character than might 
appear at first thought. 

An employee, when laboring overtime on a break- 
down or piece of emergency work, or in an exposed 
situation during severe weather, can secure a full meal 
at his usual dinner hour or can be refreshed by a portion 
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of hot soup or coffee. When exhausted by heat or 
physical exertion during the hot summer days, a refresh- 
ing draught obtained when most needed, frequently en- 
ables him to return to work with renewed vigor, when 
otherwise he would be incapable of useful exertion for 
a considerable time. 

In the home, the burden of the housewife in the daily 
preparation of the dinner bucket, following the serving 
of an early morning meal, is materially relieved. Where 
father and son, and, perhaps, other members of the 
family, have to be provided for, as is often the case, the 
burden is by no means a light one. Also, when the wife 
is ailing or away from home, or sickness occurs among 
the little ones, the bread-winner may have to undertake 
the unfamiliar role of household cook—sometimes with 
disastrous results to his own internal well being, not to 
mention that of his family. “Where a mill restaurant is 
available, a half hour’s earlier start from the house en- 
ables the workman to procure an inviting breakfast at 
a moderate cost. 

An equally important consideration is the selection 
of the contents of the dinner bucket. The most valuable 
forms of food, particularly for the men who do hard 
labor, are not always adapted to packing, nor will they 
retain their freshness and palatableness after standing 
for several hours in unsuitable temperatures. For the 
unmarried man lodging in rooms—and especially those 
who do not or cannot obtain their meals at a boarding 
house—the higher price prevailing in public restaurants 
is an item not always easy for the young man to meet. 
Here again the problem of the dinner bucket has to be 
confronted, with the added difficulty, however, of get- 
ting the bucket filled with the food desired, or that which 
seems best to meet his particular requirements. The un- 
married and the foreign day laborers are usually good 
patrons at that section of the mill restaurant where such 
tasty items as fruit, cake or dessert provide a welcome 
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addition to the somewhat monotonous fare of the board- 
ing house. 


CLUBS. 


Many of the subsidiary companies have provided com- 
modious and well equipped club houses for the use of 
their employees, members of their families and friends. 
The features of these clubs include: dormitories, reading 
rooms and libraries, gymnasiums and swimming pools, 
baths (tub and shower), auditorium and dance halls, 
billiard and pool rooms, bowling alleys, basket ball, halls 
with motion pictures, lectures, concerts, smokers, etc. 

Reading rooms are supplied with the current maga- 
zines and periodicals, daily papers, and a good assort- 
ment of books. Social entertainments are important 
features of these clubs. The affairs of the clubs are 
handled by the members themselves in the usual way. 
Gambling and intoxicating liquors have always been 
prohibited. The subsidiary companies pay all taxes and 
insurance and furnish heat. All other expenses are 
borne by the club members, the initiation fees and 
monthly dues being very small. In some cases these 
dues are fixed in proportion to the wages of the men. 


Goop Fret.owsuip Crurs 


Good fellowship clubs have been organized by em- 
ployees in various plants. The organization usually 
consists of a president, vice-president, general secretary 
and treasurer, board of directors and various committees 
appointed for special work in connection with the club. 
In some instances a visiting nurse is also employed. 

The object of the good fellowship club is to help all 
its members who are in need and also other special 
charitable cases brought to the attention of the club and 
approved by the board of directors. The good fellow- 
ship club is not a benefit association; and no stipulated 
sum is to be paid to any of its members or any one else. 
It not only gives financial aid, but helps in many other 
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ways. Through the means of the good fellowship club 
the payment of insurance policies has been hurried up; 
it has aided as a mediator in having garnishments lifted 
and credit extended when the member was in need. 
The visiting nurse on relief work gives assistance and in- 
structions for the comfort and welfare of the families. 
In case of death of a member or one of his immediate 


Club house for employees. The affairs of the clubs are handled by the 
members themselves 


family, a floral offering is sent by the club. Financial 
and other aid is given to worthy cases and a loan without 
interest may be made by the club if needed, to be re- 
paid in small sums monthly when the recipient is able to 
do so. In some cases the person helped by the club is 
sent to the hospital and the hospital bill is paid. All aid 
is passed upon by the board of directors, elected by the 
club membership from their own number. In case of a 
donation or aid given, the name of the person helped is 


not made public. 
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GARDENS 


The United States Steel Corporation and its subsi- 
diary companies have done much to encourage garden 
work among the employees. While this was consider- 
ably accelerated during the period of the war, it was not 
purely a war measure. For many years the subsidiary 
companies have offered special inducements to the em- 


Bowling alleys in club house at Gary, Indiana 


ployees to utilize unoccupied land for the raising of 
vegetables. This is done usually in connection with 
unused ground adjacent to the plant, but frequently, 
particularly in the mining villages, similar encourage- 
ment is given to the employees for the development of 
home gardens. In the development of the community 
gardens the company usually plows the ground at its 
own expense, plots it out and then offers prizes for the 
best gardens. The companies have also rendered con- 
siderable assistance to the employees in the purchase of 


= 
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seeds, garden tools, and other equipment. The results 
which have been obtained by the employees in develop- 
ing these gardens have been very pronounced and the 
yield in money value has extended into hundreds of 
thousands of dollars. - 

Cleanliness, order and pleasant surroundings while 
at work have a decided influence upon the workmen. 'T’o 


Employees are encouraged in the development of home vegetable and flower 

gardens. Ninety-six per cent. of a total of 8,000 homes in the mining 

district in Pennsylvania have gardens. Houses rent for from $6.00 to $10.00 
per month 


anyone familiar with the difficulties and the conditions 
which exist in some of the steel mills, it would seem im- 
possible to accomplish what has actually been accomp- 
lished in this direction at most of the plants. To the 
outsider it would seem impossible that anything green, 
much less anything that blooms, could grow inside a 
steel mill yard, yet many attractive flower gardens are 
maintained, even to those growing in the window boxes 
on some of the buildings. This not only makes the 
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plant more attractive in appearance, but often it is the 
means of correcting some unsightly condition. In this 
effort the men themselves are taking part, which is 


shown by the interest and care devoted to these flower. 


beds. : 


VisITING NURSES 


Visiting nurses are employed by the companies in a 


Employees’ community gardens 
in the mill districts is utilized in this manner, 
community gardens the com 
offers prizes for the best @ 
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In the development of the 
pany plows the ground, plots it out, and then 
ardens, and has also rendered much assistance to 
hase of seeds, garden tools and other equipment. 
an 3,000 acres of land were utilized for these gardens 


number of districts. The service is not confined strictly 
to nursing. The assistance rendered by these nurses is 
both of professional and practical value. The object of 
this service is to improve the general health and increase 
the happiness of the employees and their families. The 
principal duty of the nurse is to give instructions in 
those things which will enable the employees to better 
their condition mentally, physically and materially. 


‘ 7 * ee ee Se ee a ee 
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Many attractive flower gardens are maintained within the plant yards. To 

the outsider it would seem impossible that anything green, much less any- 

thing that blooms, could grow inside of the yard of a steel mill, yet many 

attractive flower gardens are maintained, even to those growing in the win- 
dow boxes on some of the buildings 


Fountain at open-hearth department. An attractive place for the men 
during their rest period 
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Her services are offered free by the company to the em- 
ployees and their families, but are not forced upon them; 
she is not permitted to visit the homes of employees 
upon any occasion unless requested to do so by a member 
of the family. But opportunities of giving instruction 
and advice in the matters of household sanitation,.eco- 
nomical purchasing of home necessities, care of children 
—especially in infancy—and the numerous and perplex- 
ing problems confronting the mother, are presented 
through her ability and willingness to help in cases of 
sickness. Therefore, the nurse must be skilled in her 
profession, and must also be tactful and of a pleasing 
personality, so that she will be a welcome visitor in the 
home, in whatever capacity her presence may be re- 
quired. Her genuine interest and her desire to be of 
assistance in time of trouble win the confidence of the 
people, and she becomes the counsellor, helper and 
friend from whom they seek aid and advice, knowing 
that any problem submitted to her will be given careful 
consideration. ‘The work of these visiting nurses may 
be briefly outlined as follows: 
(1) Attending the sick. 

(2) Giving instruction in personal and domestic hy- 
giene, and domestic science. 

(3) Helping the families to deal with financial, phy- 
sical and marital and other domestic troubles. 

(4) Conduct day nurseries for the purpose of taking 
care of the children of widows who are obliged to do 
domestic and other types of work in order to support 
their families. : 


Practica HousEKEEPING CENTERS 


At some of the plants and mining towns special 
courses in practical housekeeping are arranged for the 
benefit of the wives and children of the employees. Spe- 
cial instructors, usually the visiting or district nurses, 
are employed for this purpose. 

Some companies provide houses or special rooms and 
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equipment for the maintenance of this work, which in- 
cludes the preparation and cooking of foods, the care 
and feeding of babies, dressmaking, and many other 
phases of domestic science, even to the proper method 
of making beds. ; 

The houses usually selected for the work are plain and 
simple in style, containing either three or four rooms— 
the type of dwelling occupied by the miners or other 
employees. These are furnished simply, but neatly, the 


Practical housekeeping center. Colored community house at Muscoda, Ala- 
bama. The houses usually selected for the work are plain and simple in 
style—containing either three or four rooms—the type of dwelling occupied 
by the miners or other employees. ‘These are furnished simply, but neatly, 
the furnishings selected being such as are within the means of the employees. 
The purpose is to furnish an object lesson for the wives and daughters of 
the employees by illustrating what may be accomplished in the way of 
convenience, comfort and attractiveness within their means. A potent factor 
in Americanization 


furnishings selected being such as are within the means 
of the employees. The purpose is to furnish an object 
lesson for the wives and daughters of the employees by 
illustrating what may be accomplished in the way of 
convenience, comfort and attractiveness within their 
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means. These houses serve also as homes and _ head- 
quarters for the nurses. 

These household centers are becoming important fac- 
tors in the communities where they have been estab- 
lished. The families of the employees welcome the idea 
of the centers and refer all sorts of problems to the 
nurses. In fact, the nurse becomes a sort of family 
counsellor. 


Class (colored) in cooking and general housework at practical housekeeping 
center 


The following are some of the activities carried on at 
these practical housekeeping centers: 

(1) Classes for children in sewing, cooking and 
housekeeping. 

(2) Meetings for the women of the community for 
instruction in infant welfare, cooking, sewing, house- 
keeping, public health and hygiene. 

(3) A club for the small girls of the community, 
under the direction of the nurse. These clubs are self- 
governing, with constitution, by-laws and officers. 


ah 
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(4) A club for the boys of the community, under the 
leadership of a young man, with definite rules covering 
the conduct, activities and qualifications of the boys for 
membership. The boys help to formulate these rules 
and therefore feel theniselves bound to enforce them. 

(5) A club or association, under the direction of the 
nurse, for women employees of the company, to afford 
those women employed in domestic service or similar 


General view of one of the 131 playgrounds equipped and maintained by 
the United States Steel Corporation for the children from the community 


isolated duties, opportunities to mingle socially with the 
other members of the community. 


PLAYGROUNDS 


The many good results obtained through the estab- 
lishment and maintenance of playgrounds at the vari- 
ous plants and mines of the subsidiary companies, justi- 
fy the attempt to provide attractive places for the chil- 
dren and to encourage further efforts in this direction. 

In many cases the companies are compelled, because 
of the immediate needs for playgrounds in certain lo- 
calities, to utilize whatever ground may be available; 
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thus, a neglected piece of property is cleared of its rub- 
bish and equipped with the more popular playground 
apparatus, and it immediately becomes an attractive 
place for children. Many of the playgrounds are lo- 
cated within the plants or works, frequently adjoining 
the mill yards. Occasionally the playgrounds are 
turned over to the municipal authorities and are. oper- 


Outdoor swimming pool, (Municipal—McKeesport, Pa.) An _ attractive 

place during the hot summer months. Before the erection of this swimmin 

pool many bathers were drowned in local rivers every summer. Now thes 
are practically no fatalities 


ated by them, the company contributing to the main- 
tenance and upkeep. | 

The children appreciate the advantages afforded by 
these pleasure grounds and are enthusiastic in their pa- 
tronage, the average daily attendance during: the sum- 
iy months in the 181 existing playgrounds throughout 
€ companies being approximately 18,000. These 
recreation grounds and amusement facilities are not re- 


stricted to the use of the employees’ children, but are 
free to the entire community. 


ee ——<<— 
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The companies employ competent instructors—often 
the company nurse in the vicinity is the person best 
fitted for an instructor—to supervise the grounds and 
look after the children, and it is a source of great satis- 
faction to the busy mothers of large families to know 
that their children are safe and are being amused and in- 
structed. Always, heretofore, there has been the diffi- 
culty of keeping the children out of the streets and alleys 
where they are in constant danger from the traffic. 

The teachers join in the games of the children, mak- 
ing congenial playmates as well as good leaders, and 
tactfully encourage the games most conducive to health 
and mental development. Also the children are taught 
arts of various kinds—basketry, sewing and various 
other handicrafts. Frequently, the young women in the 
vicinity of the plants and mines, volunteer their services 
to the company during their leisure hours and are most 
helpful in directing the interest and attention of the 
children in worth-while games and beneficial recreation. 
The children are apt and interested pupils, and under 
the leadership of these older girls and instructors, their 
abilities develop along many lines which will prove of 
practical value to them in later life. Moreover, in their 
desire to excel in their games, there is the stimulus of 
friendly rivalry. 

Near some of the playgrounds are welfare houses or 
nurseries where the children can go during the colder 
months and where the nurses in charge make things 
cheerful and inviting for them. Gradually, this work 
assumes many phases—the formation of clubs, classes 
in various branches of kindergarten work, and finally, 
practical housekeeping; and usually we have found that 
the children are glad and eager to take advantage of 
such opportunities and join in the activities afforded 
them with genuine interest and enjoyment. 

A popular and attractive feature is the wading pool 
always refreshing to the youngsters on hot summer 
days. There are large swimming pools also, for the 
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older boys and girls and adults; but very often these 
are located apart from the playgrounds near the mills, 
or in connection with the company clubs where they are 
accessible to the men who desire to use them before or 
after working hours. 

Adjoining the playground, the company provides 
athletic fields for the older boys where baseball or other 
outdoor sports may be enjoyed. At the present time 
there are ninety-six such fields and, apparently, they 
are as popular with the older boys as are the play- 
grounds with the children. 


Athletic field. Ninety-six of these fields have been installed near the plants 
of the subsidiary companies 


In each of these playgrounds the company has in- 
stalled toilet and washing facilities adequate to take 
care of the average daily attendance. Sanitary drinking 
fountains are provided also, and all these facilities are 
readily accessible so that the children may obey the 
slightest inclination to use them. 

The influence of such wholesome outdoor life upon 
the health of the children cannot be overestimated, It 
strengthens them both mentally and physically, and 
the teachings of the instructors are assimilated natu- 


——EE 
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rally and are applied to the everyday life of the children, 
resulting in the betterment of their home conditions. 


Picnics 


During the summer-months many picnics and out- 
door social gatherings are held under the auspices of 
the subsidiary companies for the employees and their 
families. As a rule, these picnics are held in amusement 
parks in the vicinity of the plant, and adequate pro- 


Many baseball leagues have been organized in which are represented teams 
from various plants and departments 


visions are made for transporting the people to and 
from the picnic grounds. These outings are attended 
by the company and plant officials and there is good, 
wholesome entertainment in the way of sports and field 
events, in addition to a sumptuous repast provided by 
the entertainment committee. All expenses in connec- 
tion with these outings are borne by the company. 

At a Safety-First Picnic and Rally held at Olympia 
near Park Duquesne, Pennsylvania, on August 23, 
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1919, for the employees of the Duquesne Steel Works 
and their families, 20,000 people were in attendance. 
The following menu, served in cafeteria style, will give 
an idea of the amount of food required to feed the pic- 
nickers: 


Wars of Cort 8 tes ieee eee 20,000 
Potinds of médt- sea. n0. 7 tea eee 4,700 
Pounds? ot butter gaa..6 aes eee 600 
Iboaves: of “(breads ean2 ee eee 1,000 
Buns=acre een Se ee 15,000 
Pounds of Weinetsn. aca. oa eee 1,200 
Gallons of beatis- >.<: .2 =) 2. eee 500 
Barrels of pickles <3. 7.52 ae eee 2 
Pounds of cheeses... -. 5 eee 300 
Gallons 6f 1ce.creaml:< 72a _ 600 
Gallons of coffee: . >. 324422 eee 2,000 


MusicaL OrGANIZATIONS 


Often considerable musical ability is displayed by the 
workmen at the various plants, and wherever sufficient 
material is found, brass bands are organized and male 
chorus singing is encouraged; the equipment and main= 
tenance of these organizations is mainly at the expense 
of the company. By this means, musical entertainment 
is provided at the lectures on safety, and at the other 
gatherings, and becomes an important and enjoyable 
feature of the community life. 

The majority of the plants now have brass bands with 
full equipment and uniforms. In one locality where a 
subsidiary company has several operations, the bands 
from the different plants combine for special occasions. 
These combined bands represent over one hundred mu- 
sical instruments, and besides making a very showy ap- 
pearance, both on parade and in the concert hall, they 
render high class musie under the direction of an able 
leader. The musicians are all steel workers, the bands 
consisting of men employed in various departments of 
the plant. The services of these musicians are purely 
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voluntary, but while away from the plant to play in the 
band for entertainments, either at day or night perform- 
ances, they are paid their regular wages. During the 
war these bands rendered valuable services in playing at 
rally meetings for the various Liberty Loan drives and 
on other occasions for patriotic services. 

One of the notable musical organizations in the Cor- 


The majority of the plants have organized brass bands which are an 
important and enjoyable feature of the community life 


poration is the Liberty Chorus composed of employees 
from two plants of one of the western subsidiary com- 
panies. This chorus appeared fifty-six times for war 
activities, and during the Victory Loan drive made a: 
special trip to New York to sing at meetings at Carnegie 
Hall, on the steps of the Sub-Treasury building, and in 
other places. On their trip to New York for these pa- 
triotic meetings, these men paid their own expenses. In 
recognition of the excellent services which they rendered 
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during the war a large silver loving cup was presented 
to them. 


DENTAL CLINICS 


The first attempt at dental work among employees © 
and their families was made by the Tennessee Coal, Iron 
and Railroad Company, in the Fall of 1915, with the 
employment of a dental surgeon to care for the teeth of 
children in various schools maintained by the company. 
An inexpensive, portable dental outfit, such as is used 
in the United States Army, was secured, and the dentist 
moved from place to place, usually establishing his clin- 
ics in the dental dispensary closest to the school to be 
covered. During the school year of 1915-1916, the teeth 
of every child in the schools (both white and colored) 
were examined by the school dentist and any necessary 
dental work was performed—the total representing 
about twelve hundred extractions and three thousand 
cleanings. Unquestionably, the children were greatly 
benefited in health and the work proved immensely pop- 
ular. Definite instructions were issued that no dental 
work would be done for any child without the written 
permission from the parents, and, during the entire 
school year, in not a single instance was permission 
refused. 

With the beginning of the school term in 1916, a sec- 
ond dentist was engaged to assist in this work and a 
tooth brush drill was established in every school. Each 
child, in both white and colored schools, was required 
to furnish his own tooth brush and cup, these articles 
being on sale at our own commissaries at actual cost. 
Dust-proof cabinets were placed in every school room 
for the storage of brushes and cups. The tooth brush 
drill is the opening exercise of each school every day and 
the average time required is twelve minutes. The drill 
is popular with the children and is one of the real events 
of the day. 


Later, dental clinics were established at other loca- 
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tions where the company has its operations, and regu- 
lar office hours were designated—three days each week 
for white patients, and three for colored patients. An 
excellent equipment, comprising electric engines, foun- 
tain cuspidors, hydraulic chairs, electric sterilizers, first 
class dental cabinets and dental operating instruments 
of the highest grade, was provided for each clinic. A 
schedule of charges, averaging fifty per cent. less than 
the charges made by city dentists, is posted in every dis- 
pensary. When an employee or a member of his de- 


A tooth brush drill. As a part of their daily education, the children in the 
schools in Alabama are taught how to preserve their teeth 


pendent family applies for treatment at the dispensary 
his mouth is examined by the dentist and an estimate 
made of the cost of the required work. Payments may 
be made in monthly installments if the employee so de- 
sires. | 

The dentists in charge of the clinics have been selected 
with care and are employed on a straight salary basis, 
their work being under the close supervision of the chief 
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dentist and the superintendent of the Health Depart- 
ment. ‘The success of this service has exceeded all ex- 
pectations. 


EpuUCATION AND AMERICANIZATION 


For many years the companies have been carrying 
on educational work among their employees, including 
vocational training and apprenticeship classes. The pur- 
poses are: 

To increase the efficiency of the workmen by teaching 
the fundamental and the more advanced principles in- 
volved in their individual lines of work. 

To increase the earning power of the pupils by guid- 
ing them along the paths of quicker and deeper reason- 
ing which lead to positions of gradually increasing re- 
sponsibility in all departments of the mill. 

To promote and develop the happiness of the pupils 
not only in their daily work in the shops and mills, but 
in their home life as well by opening the door to a more 
thorough understanding of the meaning of life and 
work. 

The courses are varied to meet the needs of every 
employee who is desirous of advancement, whether he. 
is the graduate of a university or a man who has had no 
special school advantages. The teachers are men ac- 
tively engaged in their respective lines, either in the mills 
or in the city. These men are selected because of their 
scholarship and broad practical experience in the 
branches they teach. The majority are assistants or 
foremen in the various departments of the mills, and, 
therefore, are personally acquainted with many of the 
students in their classes, which results in an increased 
mutual benefit.. Actual mill problems are considered 
and studied in every step of the work as it is taken up 
in the prescribed courses, with the result that each pupil 
not only learns the principles involved in his own special 
line of work, but also those that must be understood be- 
fore he is qualified for the position ahead. 
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The subsidiary companies of the United States Steel 
Corporation have exerted their efforts in endeavoring 
to educate and Americanize their foreign-born workers, 
’ and success is attending their efforts. If we would have 
a one hundred per cent. America, we must help the 
foreign-born laborer to improve the opportunities af- 
forded him for education and training, so that through 
knowledge of the language and familiarity with the 
standards of living in this country, his conditions will be 
improved, and there will be awakened in him a respect 
and love for American ideals which will develop into 
strong loyalty toward his adopted country. This is espe- 
cially true at this time when the question is a national 
problem of such vital importance. 

The companies have distributed many thousands of 
copies of a booklet on “Guide for Applicants for Citi- 
zenship” in which the steps necessary to become natu- 
ralized are outlined, as well as other facts regarding the 
United States which prospective citizens should know. ¢ 
Some of the companies have included a question in their 
employment application questionnaire, asking if it 1s the 
intention of the applicant to become naturalized. 'This 
is done for the purpose of ascertaining and assisting 
those who are desirous of becoming citizens. The first 
step in the educational work is the teaching of the Kng- 
lish language. Classes are conducted by many com- 
panies either in rooms in the mill buildings or through 
co-operation of the local school authorities, in a school 
room on two or three evenings of each week. Fre- 
quently employees of the companies volunteer as teach- 
ers, and lessons begin with the pronunciation of names 
of objects most familiar to the men in their daily work. 
These lessons. are supplemented by posters and bulle- 
tins posted throughout the mills and mines of the com- 
panies. As their knowledge increases many of the men 
attend the local public night schools or Y.M.C. A. 
classes which are partially maintained by the company 
through contributions made at regular intervals; and 
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when the course in English is completed many of the 
men are competent to take out first citizenship papers. 

In one locality this Americanization work is carried 
on for the sole purpose of assisting the men to secure 
their naturalization papers. While the actual task is 
under the supervision of an Americanization Commit- 
tee, our subsidiary companies in the vicinity contribute 
freely to the maintenance of the schools and teaching 
staff. The buildings, light, heat and janitor’s services 
are furnished by the school board and everything possi- 
ble is done to make the schools attractive to the for- 
eigner. The men are taught to read and write, and to 


Americanization. Class in English in one of the plant classrooms. In 
the Americanization classes men are taught to read and write, and to insure 
their interest in the lessons they are encouraged to discuss daily events and 
to read the newspapers. When they have acquired a sufficient knowledge 


of English many of the men apply for first papers; and then they receive 
instructions to fit them to pass the Government examinations for securing 
their final papers 


insure their interest in the lesson they are encouraged 
to discuss daily events and to read the newspapers. 
When they have acquired a sufficient knowledge of 
English many of the men apply for first papers; and 
then they receive instructions to fit them to pass the 
Government examinations for securing their final 
papers. 

Among the women and children much of the Ameri- 
canization work is in the hands of the visiting nurses. 


, 
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The work covers a wide field; but through the children’s 
clubs and home making classes these nurses are given 
opportunities to inculeate American ideals in the minds 
of the boys and girls, and through them to reach the 
parents, who are glad and eager to learn from their 
American neighbors. At many of the practical house- 
keeping centers classes are formed for the foreign-born 
women, where they are taught the proper care of their 
children and homes. Here they acquire some familiar- 


. HAD OUR CHOICE. : 
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These employees have applied for citizenship 


ity with the language as well as a knowledge of Ameri- 
can standards of living. 

Many different methods may be advocated for the 
Americanization of our foreign-born population, but no 
better method can be employed than the training of the 
public schools and the intelligent use of such other facili- 
ties as are already in existence in the industrial centers. 
The foreigner feels confidence in the school, because his 
children attend it and he knows that it is a democratic 
institution, without restrictions as to race or creed, and 
above all, is free from patronage. He is not timid about 
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Y. M. C. A. building, Gary, Indiana, the gift of Judge Eibert H. Gary, 
where some of the Americanization work is carried on 


entering the building. Indeed, he is at ease, feeling that 
it is his right to enter the place where his boys and girls 
are receiving their training. Then also, in the school 
building there are other facilities for Americanization 
that can be afforded merely by the night classes for the 
study of the language. The school library and the op- 
portunities for social gatherings are large factors, and 
through them he learns something of the American 
modes of thought and action. The foreigner should be 
encouraged always to attend the night schools. The 
school building, if carefully planned, will be attractive 
and inviting to him and he will feel pleasure and pride 
in his relation to it. 

But above all, we should encourage and help the 
foreign-born laborer to feel that America earnestly 
wishes him to take advantage of the opportunities af- 


forded him. In this way only can we hope to gain the 
best results. 
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Stock SUBSCRIPTION PLAN 


In January of each year, under a plan inaugurated 
in 1903, shares of stock of the United States Steel Cor- 
poration are offered to all employees upon easy and 
especially favorable terms, which involve benefits be- 
yond those to the ordinary stockholders. The principal 
features of the plan are as follows: the number of shares 
which can be subscribed for depends upon the salary of 
the employee, but it is relatively greater for the lower- 


TPR Ll ew Me 


Group of workmen who are the owners of over $114,000 worth of United 
States Steel Corporation stock under the Stock Subscription Plan 


paid man., The price of the stock is the prevailing mar- 
ket price or usually a little less. Payments: minimum, 
$2.00 per share per month. Maximum that can be paid 
is 25% of monthly earnings. A premium of $5.00 per 
annum for five years is paid on each share of stock pur- 
chased by employees under this plan. Non-paid sub- 
scriptions may be cancelled and the money paid in is re- 
funded to the employee with 5% interest. Premiums 
are not paid to employees who cancel their subscrip- 
tion, sell their stock or leave the employ of the company, 


78 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


and the forfeited or unpaid premiums for all those ex- 
cept cancellations are kept in a fund and divided pro 
rata among the remaining shareholders under this plan 
at the end of the five-year period. 

If death occurs to an employee who has subscribed 
for stock and made payments under this plan, his es- 
tate receives the unpaid premiums for the full five-year 
period and a pro rata share of the premiums undivided 
at the time of death. ; 

On April 30, 1920, more than 40,000 employees were 
stockholders under this plan. Their aggregate holdings 
amounted to more than 186,600 shares of stock of a par 
value of $18,600,000. It is impossible to ascertain how 
many employees,.in addition to those yet receiving spe- 
cific benefits that continue for five years, hold stock upon 
which these special benefits have ceased to be paid, but 
it is believed that their number would greatly increase 
the figures here given. 


In January, 1920, employees of the United States — 


Steel Corporation and the subsidiary companies were 
again offered the privilege of subscribing for shares of 
the common stock of the corporation under substantially 
the same conditions and terms as those attached to the 
previous year’s offerings, except that the price for the 
1920 subscriptions was $106 per share. Up to the pres- 
ent date subscriptions have been received from a total 
of 66,311 employees for an aggregate number of 167,263 
shares. This is the largest subscription received under 
any offer. > 

The subscriptions for 1916, 1917, 1918, 1919 and 
1920, were as follows: 


Number of Employees Subscribing 
1916 =: 1917 1918 1919 1920 
Employees receiving less than $800 


(OL RUCE DB MRI rer koe ps 7,288 3,253 1,920 1,473 584 
Employees receiving $800 to $2,500 
DOW \S2 a ra 16,272 33,443 37,236 46,676. 45,409 
Employees receiving over $2,500 
RETREAT.» 6 .5.0010)5 0 Us ae vac lelaenenene 1,583 2,556 4,621 «13,175 20,318 
otal «154 ..0 dy none 25,143 39,252 43,777 61,324 66,311 
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~ Number of Shares of Stock 
OGM Oi ee OLS i919 1920 
Employees receiving less than $800 


DOR VEIPt aos oc. ccc oo Hoy ee ee 8,961 3,253 2,259 2,148 593 
Employees receiving $800 to $2,500 
WEP AEA Son ohe gondomesced gover 31,952 52,680 72856 101,764 92,900 
Employees receiving over $2,300 
[DOT YOO atetesia oye ela isisyefac' as alse» 9,356 11,819 21,537 54,149 73,770 
pW balnectersteiciseuse uc.20-0 <1 50,269 67,752 96645 158,061 167,263 


Houses constructed for the employees of the Minnesota Steel Company, 
Morgan Park, Duluth 


HousINnG 


Owing to the increased labor forces and the very 
great scarcity of dwellings, the subsidiary companies 
have built a large number of houses to accommodate 
their employees. Much thought and study has been 
given to the designs and plans of these houses, with a 
view of giving the employee a home with modern com- 
forts and at a moderate rental. 

In the populous centers such as Pittsburgh and Chi- 
cago, where many United States Steel corporation mills 
are located, the employees are merely a small portion of 
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the city’s population, and asa rule are provided for in the 
ordinary way in which a city’s people are housed with- 
out the intervention of their employers. Where great 
plants have been built at some distance from any city, 
as in the cases of Gary and Duluth, and in many iso- 
lated mining locations, the corporation has been obliged 
to provide for such large numbers of its employees that 
it has built industrial villages adjoining the properties. 

In the planning of towns or large dwelling commu- 
nities the following objects have been kept in mind: 

(1) Comfortable housing of employees, 

(2) Healthful surroundings, 

(3) Educational and religious opportunities, 

(4) Recreation facilities, 

(5) Civics—to give employees the benefits and op- 
portunities of a small city. 

To attain these objects, very careful consideration 
is given to the location of the town site, so as to effect 
the most desirable surroundings; the planning of the 
town with proper streets and alleyways; the design, 
location and construction of the houses and civic bujld- 
ings; sanitary provisions to insure healthful living: con- 
ditions. The houses are well constructed, with due 
consideration to climatic conditions, are spaced suffi- 
ciently far apart to afford the occupants plenty of fresh 
air and a small garden and yard, and are of different 
designs, varying in size from three to ten rooms, to meet 
the requirements of different families. The majority of 
the houses recently constructed are complete in every 
detail, including bath rooms, laundry tubs, complete 
plumbing: facilities, furnaces, electric lights, and other 
conveniences embodied in the modern home. In order 
that the unmarried or single men may be provided with 
suitable living quarters, many boarding houses, with all 
modern conveniences, have been constructed, in which 
the employees may secure accommodations at a reason- 
able cost. The dwelling houses are all leased to em- 
ployees at low rental rates, and it is the object of the 
corporation to provide suitable housing facilities for its 
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employees, with no intention of receiving a large mone- 
tary return from the investment. 

Recognizing the fact that religious, educational and 
recreational facilities play a most important part in the 
life and social welfare of a community, many churches, 
schools, community houses, playgrounds and other en- 
tertainment buildings have been constructed, which the 
corporation maintains or materially assists. 


e 
BON one 


Street scene in Gary, Indiana 


While the subsidiary companies have, for a number 
of years, constructed houses and sold them to their em- 
ployees on easy payment terms, a “Home Owning Plan” 
has recently been developed by the corporation as a 
guide for the subsidiary companies in establishing home 
owning plans for their employees. These regulations 
cover the sale of houses owned by the company to em- 
ployees; the purchase of houses from private owners for 
re-sale to employees and the building of houses for em- 
ployees either by the company or by a contractor ap- 
proved by the company. 
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The Home Owning Plan is divided into three pos- 
sible methods of application, which are contingent on 
the financial ability of the purchaser and the fact that 
the house is already built or is one to be built. The gen- 
eral method of carrying out the plan is as follows: 


Street scene, Wilson, Pa. Houses constructed by the United States Steel 
Corporation for sale to employees under the provisions of the Home Owning 
Plan 


A. INSTALLMENT PAYMENT PLAN FOR AN EXISTING 
DWELLING 


This plan applies only to an existing dwelling owned 
by the company, or bought by the company from a pri- 
vate owner for an employee. The dwelling will be sold 
to an employee under a contract providing for an ini- 
tial payment of not less than ten per cent. of the pur- 
chase price; the balance of the purchase price to be paid 
in monthly installments extending over a period not 
exceeding ten to fifteen years, with interest on deferred 
payments at the rate of five per cent. per annum. The 
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purchaser may anticipate payments at any time and is 
offered special inducements for early completion of the 
contract. The title to the property remains in the com- 
pany until the completion of the contract. If, at any 
time, he desires to withdraw from the contract, he is per- 
mitted to do so and receive back all money he has paid 
on principal and interest thereon, plus five per cent. in- 
terest thereon, less a rental which is based on eight per 
cent. per annum of the purchase price for the period of 
possession. 


B. INSTALLMENT PAYMENT PLAN FOR BUILDING A 
DWELLING 


Under this plan the company will build a dwelling 
for an employee, title being taken in the name of the 
company. The company will furnish free plans and 
specifications and supervise the construction of the 
house. The dwelling will be sold to the employee under 
the same plan as outlined under “A.” 


C.—MORTGAGE PLAN. 


This plan will best apply where the purchaser is able 
to make a large initial payment and desires to have the 
title to the property in his own name. A loan not ex- 
ceeding seventy-five per cent. of the cost of the prop- 
erty will be made to the employee, secured by a first 
mortgage bearing interest at five per cent. per annum. 
The loan may be repaid in installments. This plan may 
apply to sales of existing dwellings as well as to houses 
to be built. 


PENSIONS 


The United States Steel and Carnegie Pension 
Fund was established in the year 1910, by the joint ac- 
tion of the Corporation and Mr. Andrew Carnegie. Its 
purpose is the payment of pensions to employees of old 
age, from the income of the fund. For this purpose, 
the Corporation provided $8,000,000, which with the 
Carnegie Relief Fund of $4,000,000, created by Mr. 
Andrew Carnegie on March 12, 1901, makes a joint 
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fund of $12,000,000. This fund is administered by a 
board of twelve trustees through a manager appointed 
by the board. 

Its principal features are: 

(a) Compulsory retirement for men of seventy 
years of age and for women at sixty years of age, after 
twenty-five years of service. 

(b) Retirement at the request of employee or his 
employing officer after the age of sixty-five for men and 
fifty-five for women, after twenty-five years of service. 


A group of pensioners. The total number of pensioners on December 31, 
1919, was 2,940. Pensions paid in 1919 amounted to $733,707.45 


(c) Retirement by reason of permanent total in- 
capacity, after fifteen years of service. 

(d) Pension basis—for each year of service one per 
cent. of the average monthly earnings for the last ten 
years of service. 

(e) Credit for service rendered to any of the plants 
of the subsidiary companies of the United States Stee] 
Corporation or to the predecessors of such companies. 

(f) Minimum pensions, $12.00 per month; maxi- 
mum pensions, $100.00 per month. 

The records of the pension plan on December 3l, 
1919, are as follows: 
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Total number of pensioners, Dec. 31, 1919—2,940. 
Number of pensions granted during 1919—310. 
Total pensions paid during 1919—$733,707.45. 
Average age at which pensions were granted to re- 
tirmg employees since the inauguration of the plan— 


Average term of service rendered by such pension- 
ers—30.22 years. 


Below is a summary of the facilities constructed or 
installed for the use of employees for the purposes 
named: 

January 1, 1920 


Number of dwellings and boarding houses con- 
structed and leased to employees at low 


PETILAE TAGES) © 6 «axe c: 02s Pp Sin ret eee ah eR 27,553 
ES SES, 5 gh RRL 2 goes RO ele ae 25 
2 a ae Ss ee Se 45 
hs Ee ea re 19 
Restaurants and lunch rooms................ 64 

Mitesh aN) WAILING TOOMS.. 0. 2. i eee ee wee 210 
RECIENTE aay oiehe ahi seh ha ss > 131 
UMNMNIRIEPLL OO oro cw 2 apie no te ne 11 
Nr lig Fo pe wen tat ai 96 
(S05 OSCR ta 2 Ra 2a 107 
1 SS) CCG SS 0 Ae eer ea 19 
Practical housekeeping centers ............-- 18 
Piped systems for drinking water........-.-- 369 
Sanitary drinking fountains .............--. 3,077 
Wells and springs protected against pollution. . 647 


Comfort stations (complete units, either bath or 
dry houses, closets, wash or locker rooms, in 
separate buildings or within enclosures in 


PCR DIUMIG eee eG ries s No came rn eo 1,495 
Water closet bowls ......-.. 6. 6+0--+ 0+ + ees 7,807 
Ma id ns ee eT ES 2,551 
Washing faucets or basins.......--++--+++++00> 17,369 
BCT IE vile cee he Fetes nt dee 2,672 
BlathesloCkerss. ca.0. 6.50 kee ee ee es 116,749 


Pe Ge titals ise ce ae te 
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Emergency stations «........0.00.+-.+0-00% 286 
Training stations (first aid and rescue)....... 62 
Company surgeons, physicians and interns... . 167 
Outside surgeons (on a salary)...........-- 107 
Nurses (including nurses in training).......- 189 
Orderlies and other attendants.............. 115 
WASTES CUES OS nso. eine od iat hes os ea een 68 
Teachers andsiNstriictors: 25... nasa ee eee 222 
Sanitary Ans peclOrs. pecs.) «re ake ohare ee 30 
Safety inspectors (spending entire time on work) 101 
Employees who have served on safety committees 25,948 
Employees now serving on safety committees... 5,500 
Employees who have been trained in first aid 

and rescue’ WOrk mek sot ee eee 16,881 
Himployees now-in tramin ge. 7.7 checetg he oie 801 


_ I will now give some figures which show the amount 
expended by the corporation in the last eight years on 
these various activities: 


Totals 

SWieli are tere ctenes.cterevage te ions cl svaeneis eat $11,751,429 .02 
SAME EAEIOM serotsre ccna sera siete e ake 11,732,666.20 
Accident Prevention............. 6,530,706.43 
Relief for Injured Men and the i 

Families of Men Killed....... 29,652,237.68 
The Employees’ Stock Subscrip- 

tion Plan (Approximate)..... 9,160,000.00 
For Pension Fund Payments in 

Excess of Income Provided by 

legate Ties gana adn ace 1,824,692.56 
Note—* Total Pension Payment to 

Employees for Additional 

Benefit Payments and Admin- | ($4,819,357.63) 

LS EEULOM ON COStI esa; «4,0 ss ue 6 a ($294,212.57) : 
For the Creation of a Permanent 

ILC) 23.0% on oon. ce toto 8,000,000.00 
A OEMS Broo 0.0.00. 6 Chae amen $71,651,731.89 


*Not included in total. 
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In consideration of the excellent spirit and the con- 
certed action of the men at the head of the steel indus- 
try in the establishment of every facility consistent with 
the welfare of their. employees, and of the success which 
has attended their efforts in this direction, I feel im- 
pelled to say, in conclusion, that the conditions under 
which the employees of our industry work and live to- 
day are superior to those in any other of the basic in- 
dustries in this country or throughout the world. 


At the close of Mr. Close’s paper moving pictures 
were shown illustrating phases of welfare work. 


Vicr-PRESIDENT ScHwaB: Gentlemen, it is too late 
to start the next paper at the morning session. It oc- 
curred to me during the reading of Mr. Close’s valuable 
. paper, that considering the work and co-operation 
the Steel Corporation has given in the preparation of 
this paper and that it will by reason of its publicity 
reflect very great credit upon the whole industry, I think 
it would be proper if Mr. Rogers or Mr. King or 
some of the prominent men here offer a resolution thank- 
ing Mr. Close and the Steel Corporation for its co- 
operation in preparing this paper which will reflect so 
much credit upon us all. Will someone do that for this 
meeting? 

Mr. Rogers: Mr. Chairman, in the absence of Mr. 
King, I am delighted to do that. I think this has been 
a wonderful example for all of us to observe. Many of 
the manufacturers may be able to introduce portions of 
it; we cannot go so far as to expend seventy-two million 
dollars, but we can do our little part. I most cordially 
offer the motion. 

Vice-Preswent Scuwas: I find Mr. King is 
present. 

Mr. Wits L. Krxe: I second the motion. 

Vicr-Presipent Scuwazs: Gentlemen, you have 
heard the motion made and seconded. All those in favor 
of its adoption will say aye. Contrary, no. The motion 
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is unanimously adopted. I am sure it has your hearty 
approval. 

Tur Secrerary: Gentlemen, at the close of this 
session there will be a meeting of the board of directors 
in the small parlor at the east end of the long corridor. 

There will be luncheon served to the members here 
in the grand ballroom at one o’clock. Members are re- 
quested to pass out into the corridor promptly so as to 
give the hotel people every opportunity to prepare for 
the luncheon. With your kind consideration this can 
be done in a few minutes. : 

The afternoon session will be held in the east. ball- 
room, at the end of the long corridor, at two o’clock. 
There will be several interesting papers with discus- 
sions, and you are all urged to be present. 

The banquet this evening will be held here in the 
grand ballroom. Members will assemble at seven 
o’clock. ‘The dinner will begin promptly at seven-thirty. 
We expect so many that all available space will be filled. 
When the speaking begins those in less favorable loca- 
tions will please move their chairs up where they can 
hear. 

A recess was then taken until 2:00 P. M. 


Members assembled in the east ballroom at two 
o'clock, Mr. Willis L. King, Vice-President, in the 
chair. 

Vicr-PrEeswENT Kine: Judge Gary has asked me 
to relieve him of his duties as chairman for a while, and 
I may perhaps ask to be relieved later on; it depends on 
the length and breadth of the discussions that come up. 

The first paper, one that was not reached at the 
morning session, is by Mr. H. F. Moore, Research 
Professor of Engineering Material, and Mr. J. B. 
Kommers, Associate Professor of Engineering Ma- 
terials, University of Illinois, Urbana, Illinois. This is 
a joint paper, but will be read by Professor Moore, who 
is present. 


FATIGUE OF METALS UNDER REPEATED 
STRESS 


H. F. Moore 


In Charge, Joirt Investigation of Fatigue of Metals, and 


J. B. KOMMERS 


Engineer of Tests, Joint Investigation of Fatigue of Metals 
University of Illinois, Urbana, II. 


The strength of materials is commonly determined 
by tests under a load gradually increasing from zero to 
the ultimate of the test specimen. In nearly all compu- 
tations of stress and strain the basis of the computation 
is the action produced by a steady load applied but once. 
For more than half a century it has been recognized that 
under loads repeated many thousands of times the be- 
havior of material might be quite different from the 
behavior under a single application of load. The grow- 
ing use of high-speed machinery has been especially in- 
fluential in necessitating the consideration of the 
strength of material under repeated stress. 

In a general way the difference in the behavior of 
material under repeated loads and under a single load 
(or a load applied but a few times) is shown by the 
tendency toward gradual breakdown of the material 
under repeated load. Under a single application of load 
the material of a structure either withstands the load or 
it fails; under load repeated many thousands of times 
the material may withstand the load for a while, and 
then fail by the gradual spread of cracks or other local 
injuries to the material. Under repeated load, local 
strains which would be of no importance if but one load- 
ing were to be applied may form a nucleus for damage 
which gradually spreads until the whole member fails. 

The failure of machine parts under repeated stress 
has come to be commonly spoken of as due to “fatigue” 
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of the material. The cause of such failure used to be 
thought to be the “crystallization” of metal, but, as will 
be noted later, the phenomenon is one of a breaking up 
of crystals rather than of their formation. 'The develop- 
ment of the internal combustion engine, the steam tur- 
bine, the automobile, and the airplane have made this 
problem of fatigue of materials of increasingly marked 
moment during recent years. The accompanying table 
gives some idea of the number of repetitions of stress in 
the normal “lifetime” of various structural and machine 
members. 


Approximate 
number of repe- 
titions of stress 

Part of Structure or Machine in the “lifetime” 
of the structure 
or machine 
Railroad bridge, chord members.............. 2,000,000 
Elevated railroad structure, floor beams........ 40,000,000 
Railroad rail, locomotive wheel loads........... 500,000 
Railroad rail, car wheel loads................. 15,000,000 
Airplaneeugineerankshafft, .... S....9 see. eee 18,000,000 
Cal BOS, 83 ic. Zips! sh oan eee Re ee 50,000,000 
Automobile engine, cranksliaft........2..2.... 120,000,000 
Eine ghatting’ in shops. .:..: serosa 360,000,000 
Steam engine, piston rods, connecting rods and 
Crankkshalts::.. snc. dssteo cede ae ee 1,000,000,000 
Steam-turbine shafts, bending stresses.......... 15,000,000,000 
Steam-torbine. blades ca... . een. ce eee 250,000,000,000 


Fatigurt PHENOMENA 


The first study of fatigue phenomena on a large scale 
was made in Germany by Wohler, who published his 


results in 1870. These results may be summarized as 
follows: 


1. Repeated application of stress to a structural 
member will finally cause failure not only when the unit 
stress applied is less than the static ultimate strength of 
the material, but even when it is less than the static 
elastic limit as ordinarily determined. 


2. Within certain limits the range of stress (differ- 
ence between maximum and minimum stress) rather 
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than the maximum unit stress, determines the number 
of cycles before rupture. 


3. As the maximum unit stress is increased, the 
range must be decreased in order not to shorten the life 
of the member. 


4. For the same life in the case of complete reversal 
of a unit stress, the stress should be only one-half or two- 
thirds of the maximum stress if the variation is from zero 
to a maximum. 


Fig. 1—Development of “Slip Bands” by repeated stress: (a) Photomicro- 
graph of iron before being stressed; (b) Photomicrograph of iron after 
several hundred repetitions of heavy stress 


A fatigue failure is characterized by the complete 
absence of elongation or reduction of area at the break. 
The fracture is sudden and is similar to that which is 
ordinarily expected only from brittle materials. A 
rotating beam will crack at right angles to the length of 
the beam, which is also at right angles to the direction of 
stress. 

Metals while being subjected to fatigue have been 
observed under the microscope, and it has been found 
that the crystals of which a metal is composed will allow 
deformation to occur by movement along certain gliding 
planes within the crystal. This gliding or slipping is in- 
dicated by the appearance of lines running across the 
crystals, as shown in Fig. 1. These lines are called “slip 
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lines,” or “slip bands.” Careful examination of cross- 
sections cut at right angles to the surfaces on which the 
slip lines occur has shown that the slipping causes micro- 
scopic ridges and depressions of the surface, in the na- 
ture of steps. Vertical illumination of such a surface 
shows the steps as bright surfaces, and the inclined sur- 
faces between the steps as dark lines or bands. As the 
test of the material in fatigue is continued the slip lines 
become more numerous, and also broaden. Finally some 
of these bands develop into a crack which spreads to 
other crystals and thus causes failure. It has been found 
that the crystals which first develop slip lines are not 
necessarily the ones in which final failure occurs. 

In general, fatigue failure follows a path through 
the crystal grains themselves rather than along their 
boundaries, and this is true even though in going from 
one crystal to another the plane of failure must change 
its direction, because of the different orientation of the 
crystals. 

It appears, therefore, that the primary cause of 
fatigue failure is localized deformation. This deforma- 
tion in any particular crystal is very small in amount 
and apparently even very accurate and sensitive ex- 
tensometers cannot detect the deterioration which is 
going on. 

Because steel is made up of many minute crystals, 
the structure is not likely to be homogeneous. Further- 
more there are likely to be many microscopic flaws 
throughout the material. Somewhere, due either to non- 
homogeneity or to flaws, there will be high local stresses, 
and at such places the material will be most likely to 
deteriorate by the repeated action of fatigue stresses. 
The presence of internal stresses, due to previous heat 
treatment or mechanical treatment, would also tend to 
weaken the material when fatigue stresses of a similar 
kind are applied later. 

Tests conducted with mei: of extreme sensi- 
tiveness have shown that the action of materials within 
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the ordinary elastic limit is not perfectly elastic. For 
instance, when a specimen is first loaded in tension, and 
then the load is reduced to zero, the return path of the 
stress-deformation curve does not coincide with the origi- 
nal path, but lies slightly lower, the deformation seeming 
to lag behind the stress, so that when the stress is zero 
the deformation of the specimen is not yet back at zero. 
If now the specimen is loaded in compression, and the 
load is reduced to zero, it is found that a loop has been 
formed by the stress-deformation curve. ‘This loop is 
called a mechanical hysteresis loop, from analogy with 
magnetic hysteresis. 

The area of this loop represents energy which has 
been absorbed by the specimen, but which has not been _ 
given back again. In each cycle of stress, therefore, 
there is a small amount of work done because of the 
inelastic action of the material. 

In careful torsion tests Guest and Lea* obtained 
hysteresis loops for mild steel at unit stresses which were 
very much below what would ordinarily be called the 
elastic limit. Such results constitute a further explana- 
tion of the possibility of failure of a material when 
stressed within what has heretofore been looked upon as 
the elastic limit. This so-called elastic limit may be re- 
garded as of value when discussing static stresses, but it 
seems evident that it is not an elastic limit for reversed 
stresses, because the hysteresis loops indicate inelastic 
action. 

Bairstow} has shown that when cyclical stress 
sufficiently below the elastic limit is applied to a speci- 
men there is no hysteresis loop formed at first, the 
amount of damage done during each cycle of stress being 
apparently too small to be indicated even by a very deli- 
cate extensometer. However, after quite a few thou- 
sands of repetitions of stress the cumulative effect of the 
repetitions is evidently of such a nature as to make 


* Proc, Royal Society, 1916-17, Vol. 93, p. 313. 
+ Phil. Trans. Royal Society, 1910. Vol. A. 210, p. 35. 
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measurable the changes which occur in the specimen, and 
a hysteresis loop appears. 


TrestiIna MaAcHINES 


In determining the resistance of metals to fatigue, 
Wohler used machines which subjected the specimens to 
direct tension and compression, to repeated bend- 
ing on a stationary beam, to reversed bending on a 


Cal brated Springs 
to Measure Load .--... 


Specimen 


Fig. 2.—Testing machine for fatigue tests, using calibrated springs 


rotating cantilever beam, to repeated torsion, and to 
reversed torsion. In the direct stress, repeated bending, 
and in the torsion test, Wohler used machines in which 
calibrated springs were employed to measure the load 
applied to the specimen. This general type of machine 
is quite common and is illustrated in Fig. 2. The rotat- 
ing beam type, either cantilever or simple beam, has 
probably been more extensively used than any other 
machine. This type is illustrated in Fig. 3. 

Wohler’s machines applied the stresses at rates less 
than 100 per minute so that many weeks of testing were 
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required to stress a specimen as many as 10,000,000 
times. In later types of machines attempts have been 
made to increase the speed of the machines, and speeds 
up to 2,000 revolutions per minute have been used suc- 
cessfully. A machine of this kind running 24 hours per 
day will give results fairly rapidly. 

Various other types of testing machines have been 
employed by experimenters. In some the stress is pro- 
duced in the specimen by the acceleration effects of 
reciprocating masses, in others the pull is applied by an 
electro-magnet, and in still others the reversed bending 
which is produced occurs in only one plane. 


| 
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Fig. 3a.—Diagram of rotating beam type of repeated stress testing machine 


Machines for producing reversed bending on a canti- 
lever beam have been used by Arnold and others. These 
machines stress the materials beyond their yield points 
so as to produce failure after only a few hundreds or 
thousands of cycles of stress. In such a test the stress 
to which a specimen is subjected is not known, and it 
is therefore difficult to interpret the results of the test. 
Thus far it has not been shown what relation exists be- 
tween this short-time test and the test which stresses 
materials only within their elastic limits. 

In the ordinary fatigue test the machine is set to 
produce a certain stress in the specimen, and the test is 
continued until failure occurs; the number of cycles of 
stress before failure being recorded by a suitable coun- 
ter. 
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Tuer S-N Curve 


When specimens of a given steel are subjected to a 
series of stresses the results may be conveniently plotted 


Fig. 3b.—Photograph of rotating beam t ing 
; A 1 ype of repeated stress testing 
machine used in present Joint Investigation of Faueee of Metals oe 


as a curve having the unit stress, S, as ordinates, and the 
number of cycles for rupture, N, as abscissa. This 
curve may be plotted as shown in Fig. 4 (a); or by 


) 
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plotting the logarithms of S and N, curves such as 
shown in Fig. 4 (b) are obtained. Basquin* has pointed 
out that these logarithmic curves are very well repre- 
sented by straight lines, at least up to about 1,000,000 
cycles. 

In discussions of fatigue tests the term “endurance 
limit” has been employed. By this is meant the unit 
stress at which the S-N curves as in Fig. 4 (a) seem to 
become horizontal, and therefore, presumably, the unit 
stress which the material could endure indefinitely. It 
has often been assumed that the unit stress correspond- 
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Fig. 4.—Diagram of results of fatigue tests (S-N diagram): (a) diagram 
with ordinary coordinates; (b) diagram with logarithmic coordinates 
ing to 1,000,000 cycles of stress may be taken as the en- 
durance limit. There is considerable evidence tending 
to show that the unit stress at 1,000,000 cycles is too 
high to be considered as an endurance limit, and that 
failures may be obtained at lower stresses if the tests 
are continued a sufficient length of time. ‘This matter 
is related to another doubtful point in connection with 
the curves of Fig. 4 (b). The doubt arises because it 
is not known whether the logarithmic curves continue 
as straight lines for large values of N. It is of the 
greatest importance to know the nature of the S-N 
curve for large values of N, and this would probably be 


* Proceedings, American Society for Testing Materials, 1915, Vol. 14, 
Part II., p. 938. 
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determined with sufficient exactness if tests were con- 
tinued up to 100,000,000 cycles. If there is an endur- 
ance limit such tests will probably determine it with a 
sufficient degree of accuracy. 

It is evident from Fig. 4 (b) that any formula for 
fatigue stress which is based on the assumption that the 
S-N curve is a straight line on logarithmic paper will 
give results on the side of safety, because for increasing 
values of N the corresponding values of S become smaller 
and smaller. In the present state of knowledge regard- 
ing fatigue, such formule as proposed by Moore and 
Seely*, and the factors of safety proposed by Kom- 
merst in connection with J. B. Johnson’s repeated stress 
formula, may be considered as satisfactory for use in 
design, for in both cases the assumption is made that the 
S-N curve is a straight line on logarithmic paper. 

It should be noted that the use of an “endurance 
limit” assumes that this stress may be applied an indefi- 
nite number of times without causing rupture of the 
material. The relation expressed in Fig. 4 (b), called 
the exponential hypothesis, assumes that any stress, 
however small, if applied often enough, will finally 
cause failure. 


CRITERIA FOR FATIGUE STRENGTH 


Attempts have been made to show that a relation 
exists between the endurance limit and the elastic limit 
as determined from a static tensile test. These at- 
tempts have not been satisfactory, and this is to be 
expected, since the endurance limit which was used was 
itself indefinite. Furthermore, the elastic limit is also 
an indefinite quantity, and depends to a considerable 
extent upon the sensitiveness and accuracy of the in- 
struments employed in determining it and upon the 
accuracy used in plotting the results. It has been shown 
that a material having a higher elastic limit than another 


* Proceedings, American Society for Testing’ Materials, 1915 Vol 15 
Part II, p. 938; 1916, Vol. 16, Part IL, p. 471. Oe ae 
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material is not necessarily better in withstanding re- 
peated stresses. It has also been shown that S-N curves 
for two such materials sometimes cross each other, so 
that the material which is apparently the better one for 
high stresses and low values of N is the poorer one for 
low stresses and high values of N. Data for low 
stresses and higher values of N are the ones that are 
of greatest importance to the designer of structures. 
The whole question of the relation of fatigue results 
and results from static tests can be more satisfactorily 
discussed when information is available for tests up to 
100,000,000 cycles. 

Bauschinger in his fatigue experiments showed an- 
other reason why the ordinary elastic limit is misleading 
as a criterion of fatigue strength. He found that the 
elastic limits in tension and compression as ordinarily 
determined depend very largely upon the stresses to 
which the material has been subjected in fabrication. 
He called the elastic limits so determined the primitive 
elastic limits. He showed that when a specimen is sub-- 
jected to equal alternating stresses of tension and com- 
pression which are gradually increased, that there are 
set up two new elastic limits, which are equal, and which 
may be widely different from the “primitive” elastic 
limits. He called these new elastic limits the “natu- 
ral” elastic limits, and the range between them the 
“natural” range. He showed further that if the elastic 
limit in tension is now raised, the elastic limit in com- 
pression will be decreased by a definite but not neces- 
sarily the same amount. He found that a specimen 
stressed within the “natural” range will withstand sev- 
eral millions of repetitions of stress without failure, and 
he proposed this “natural” range as a criterion of fatigue 
strength. 

The comparison of fatigue properties by means of 
a short-time test in which stresses beyond the yield point 
are employed has already been mentioned. | , 

The proposal has been made to compare the fatigue 
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properties by means of the number of cycles of stress 
that is withstood for a constant standard stress. Also 
it has been proposed to determine the fatigue strength 
by determining the stress which causes failure for a 
standard value of N. These methods would determine 
only one point on the S-N curve, and since these curves 
sometimes cross each other the information would not 
be reliable unless tests were carried out to a very large 
value of N. 

To compare fatigue properties by determining the 
S-N curves up to N equals 1,000,000 cycles is likely to 
be misleading for the same reason as mentioned in the 
preceding paragraph. 

Prof. J. H. Smith* has proposed a method of de- 
termining the fatigue range by determining the first 
yield of the specimen under cyclical stress by means of 
a very sensitive extensometer. Long time fatigue tests _ 
are lacking to prove that this elastic range is the range 
which the material could withstand indefinitely. 

Mr. W. J. Francke of New Brunswick, New Jersey, 
has recently developed a very delicate flexure testing 
machine which gives some promise of detecting the fail- 
ure of material over very small areas, and hence, may 
possibly give some information as to the fatigue-resist- 
ing properties of the material being tested. 

C. EK. Stromeyery has also suggested a short-time 
test for determining fatigue strength. He subjected 
the material to alternating torsion and determined the 
unit stress at which perceptible heating of the specimen 
occurred. Here again long-time fatigue tests are lack- 
ing to prove that the method is reliable. 

Other short-time tests which have been proposed are, 
dying out of vibrations in a “tuning-fork” specimen, 
tests of magnetic permeability, detection of the appear- 
ance of slip lines, and impact tests. 

There is at present no short-time test which has been 


* Journal, Iron and Steel Inst., 1910, Vol. 82, p. 296. 
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proved to be a reliable criterion of fatigue strength. If 
such a test could be developed it would of course be of 
the greatest commercial importance. 


TREATMENTS AFFECTING FATIGUE STRENGTH 


The effect of various heat treatments on fatigue 
strength has not been studied systematically, although 
it is known that such treatments have an important 
influence. Overheating which tends to make material 
brittle seems always greatly to decrease the fatigue 
strength. Such overheated material may often be re- 
stored by proper reheating. Annealing, in general, 
seems to reduce the fatigue strength somewhat. The 
results on overstrained material are somewhat contra- 
dictory, some tests seeming to indicate increased fatigue 
strength, and others that tensile overstrain de- 
creases fatigue strength while compressive overstrain 
increases the strength. The sorbitic structure in steels 
seems to be most effective in resisting fatigue, while the 
martensitic structure is weak. Material which has been 
subjected to repeated stresses apparently does not have 
its life increased by annealing or by rest. 

In normal carbon steels the fatigue strength seems 
to increase with increase of carbon up to about 0.9 per 
cent. carbon. ‘The effect of nickel, chromium, vana- 
dium, ete., upon fatigue properties has not been studied 
systematically, although apparently these alloys im- 
prove the material. 


LocaLizEp STRESS AND ITs IMPORTANCE 


One outstanding feature of fatigue phenomena in 
metals is the importance of small localized stresses. Be- 
cause their derivation depends on mathematical proc- 
esses it is easy to come to regard the ordinary formulz 
for computing stresses in machine and structural parts 
as exact; but as a matter of fact such formule give re- 
sults representing general conditions of stress, and neg- 
lect the existence of hundreds of localized stresses affect- 
ing minute areas. For example, the ordinary method 
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of computing stress in a plate under tension, punched 
for rivet holes, is to divide the load on a strip of the 
plate by the net width of the strip -after the width of 
rivet holes has been deducted; this method assumes that 
the tension is uniformly distributed across the plate, and 
neglects to consider concentration of stress near the 
edges of the holes where the intensity of stress may be 
twice as high as the computed stress. Shoulders with 
sharp fillets, screw threads, and shafts with keyways 
are a few of the many illustrations which might be given 
of members in which the application of the ordinary 
methods of stress computation neglects localized stresses. 

So long as a member is subjected to static load, or 
if the load on it is repeated only a few hundred times 
in its life these localized stresses do no particular harm; 
the area affected is very small, the general deformation 
of the member is not appreciably influenced, and the. 
load-carrying burden is shifted from the minute over- 
stressed areas to the large normally stressed areas with 
no appreciable increase in the distress of the member. 
Under a loading repeated thousands of times this is all 
changed. ‘The minute overstressed areas form centers 
of damage which spread in the form of microscopic 
cracks, and at the end of each crack there is a region of 
high localized stress which causes the spread of damage 
to continue, often to continue until the minute damaged 
area grows into a large damaged area, and failure fol- 
lows. The growth of these microscopic cracks is shown 
ihe Wigs Ts 

This spreading of structural damage in the form of 
microscopic cracks explains the suddenness of failure 
under fatigue. A flat bar of soft steel may be bent 
double without cracking, but if it be cut half across by 
a fine saw cut and then bent it snaps at the saw cut. 
The microscopic cracks through metal under repeated 
stress are equivalent to little saw cuts, which gradually 
Join each other; they have very little effect on the gen- 
eral deflection of the metal, but gradually develop 
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localized planes of weakness, along which sudden fail- 
ure may occur. 

The phenomena of localized stress also helps to ex- 
plain why the “elastic’limit” as determined by a testing 
machine is not a sure index of resistance to f atigue under 
repeated stress. Suppose the metal to be tested is of 
such chemical composition and has received such heat 
treatment that it is, in general, strong, but due to the 
method of production or treatment during fabrication 
it contains blow-holes, ‘‘snowflakes,” minute cracks, or 
initial strains. Then if its elastic limit is determined 
by a gradually increasing load these minute flaws will 
show very little effect, because they affect only a minute 
portion of the part. stressed by the testing machine, 
while the extensometer measures the stretch over a con- 
siderable volume of metal. If the yield point is deter- 
mined by the “drop of the beam” the yielding at a micro- 
scopic flaw will not cause anywhere nearly enough 
change of load to make the beam drop. 

If, however, the metal is put into service under re- 
peated stress each blow-hole, “‘snowflake,” or crack is a 
potential center of high localized stress and a potential 
nucleus of progressively spreading damage which may 
result in sudden fatigue failure. 

Localized stress may be external as well as internal. 
It may be caused by internal flaws as outlined above 
or at external irregularities of surface. If any struc- 
tural or machine member has in its outline a sharp in- 
wardly-projecting corner it can be shown that the stress 
at that corner is theoretically infinite, and that the 
localized stress at any fillet increases very rapidly as the 
radius of the fillet is reduced. Rough turned finish may 
easily leave a member, e. g., a car axle, with a series of 
grooves of small radius at the root of which grooves 
occur very high localized stresses. In this connection it 
is of interest to note that the British experimenters, 
Eden, Rose and Cunningham, showed that the endur- 
ance under repeated stress of a polished specimen could 
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be materially reduced by a needle scratch on its surface. 
It is, of course, impossible that all machine parts sub- 
jected to repeated stress should have a high polish all 
over, or that they should keep such a polish if it were 
applied in the beginning; it is, however, possible that 
such parts be given generous fillets at shoulders, and 
that care be taken to make the surface finish the best 
practicable. In the present state of knowledge, ma- 
terial which under the microscope shows flaws, or cracks, 
or, which tested with the strain gage shows high initial 
stress should be viewed with suspicion even if in the 
testing machine it shows a high “elastic limit.” 


INVESTIGATION OF FATIGUE OF METALS 


In the fall of 1919 there was started at the Univer- 
sity of Illinois an investigation of the fatigue of met- 
als under the joint auspices of the National Research 
Council, Engineering Foundation, and Illinois Engi- 
neering Experiment Station. This investigation is at 
present organized and financed to be carried on until 
the fall of 1921. In planning this investigation it was 
decided by the Advisory Committee of the National 
Research Council that it should be the object of the 
investigation to make a series of fatigue tests of seven 
or eight typical steels accompanied by very careful static 
tests, and impact tests, and in connection with these 
tests various special tests including magnetic tests. 

The testing machine chosen for the repeated stress 
tests is of the rotating beam type, and is practically the 
same as that described by Mr. F. M. Farmer before the 
American Society for Testing Materials, in June, 1919. 
This type gives reversals of a very definitely known 
bending moment, and there is a considerable portion 
of the specimen under constant bending moment. The 
specimen is a straight rod slightly reduced in section 
over the middle portion of its length. Fig. 8 (b) shows 
the testing machine and the specimen. 


FATIGUE OF METALS UNDER REPEATED STRESS—MOORE 105 


By past investigators there has been obtained a con- 
siderable amount of data on the fatigue failure of met- 
als, but the committee felt that there was need for a 
comprehensive series ‘of tests on metal whose history 
was thoroughly known, correlated with very careful 
static tests of the same material. It is planned for each 
kind of steel tested, and for each heat treatment given 
each kind of steel, to run not less than six tests to 100,- 
000,000 repetitions of stress, and to obtain eighteen to 
twenty-four points on a diagram of fibre stress plotted 
against numbers of repetitions of stress necessary to 
cause failure. 

This series of tests, it is hoped, will serve as a recon- 
noissance in the field of ferrous metals, and will furnish 
data to give a fairly satisfactory answer to the question 
of relation of fatigue-resisting power to the ordinary 
_ static elastic properties of material. The committee 
felt that until the fundamental reconnoissance was made 
it could not go ahead with tests of special materials. It 
is hoped that this preliminary series will throw enough 
light on this fundamental relation of the fatigue 
strength and static strength, and will develop methods 
of testing so that further investigation can be pushed 
much more rapidly. The test program is under way 
at the present time, and it is hoped that data may be 
secured which will be recognized to be of sufficient value 
to warrant the continuing of the investigation beyond 
the original period set. 


Vick-PreEsIDENT Kine: Gentlemen, the next paper is . 
entitled “The Future of Oxygen Enrichment of Air in 
Metallurgical Operations,” by Frederick G. Cottrell, 
Director, Bureau of Mines, Washington, D. C. 


Mr. Corrrets: Mr. Chairman and gentlemen: I see 
that time is running on rapidly so I will confine myself 
to the text to prevent straying off into many interesting 
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fields which this subject suggests. I would prefer to 
talk freely on this matter rather than rely upon my poor 
reading, but I do not quite trust myself in the matter of 
time, so I will ask your indulgence in reading. 


THE FUTURE OF OXYGEN ENRICHMENT OF 
AIR IN METALLURGICAL OPERATIONS 


F. G. COTTRELL 
Director, Bureau of Mines, Washington, D. C. 


Although oxygen is the commonest of all the chem- 
ical elements, making up nearly one-half of that por- 
tion of our globe which we have yet penetrated and is 
found in a perfectly free, that is, chemically uncombined 
state in the air, simply mixed with about four times its 
volume of inert nitrogen and very small amounts of 
other gases, still it has never yet been separated and 
used in any concentration above that of the atmosphere 
on a scale at all commensurate with its importance and 
industrial possibilities. 

Not only is it the most common of all the elements, 
but it enters actively into more processes absolutely vital 
to human life and industry and to a far greater total 
tonnage than any other element. We have known of it 
and its striking properties ever since Priestley first pre- 
pared pure oxygen in 1774 and it has ever since been a 
potent reagent in the hands of the chemist for the special 
purposes of his laboratory. Still it has taken over a 
hundred years to bring it forward as a general industrial 
tool even to the comparatively limited extent it has 
already reached, while many other elements vastly rarer, 
inherently more difficult to extract and far less im- 
portant in their practical applications, have outstripped 
it in the race. 

The situation, in fact, presents almost a unique 
anomaly in our technical and economic development and 
can only be compared to those which ushered in the in- 
dustrial application of the steam engine and later that 
of the electric dynamo and motor. 


108 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


The reason that the possibilities and importance of 
very large scale applications of concentrated oxygen 
have not heretofore been fully appreciated and de- 
veloped probably lies in the very magnitude of the pro j- 
ect and the diversity of both technical and economic 
elements involved, rather than in any special difficulty 
inherent in any one of these individually. In other 
words, what is most fundamentally needed is the broad 
comprehensive grasp of the interrelation of these parts 
of the problem to one another and the ability to find, 
bring together and hold in active effective co-operation 
the specialists who can successfully deliver each element 
of the undertaking, be it technical, administrative or 
financial. 

Turning to the history of commercial oxygen pro- 
duction we find the early industry based generally upon 
the decomposition of potassium chlorate by heat and the - 
chief market for the gas in the oxyhydrogen or lime light 
for stereopticon and spectacular purposes with a smaller 
though important field for medical use. This process 
of manufacture held the field for practical purposes for 
many years. Later came the Brinn process substituting 
barium dioxide for the potassium chlorate and having 
the significant novel feature of regeneration of the 
residue of barium monoxide back again to barium diox- 
ide by recombination of oxygen from the air through a 
change of either pressure or temperature, thus amount- 
ing on the whole to the use of barium compounds merely 
as a carrier to effect the fairly direct separation of 
oxygen from the air. 

The Brinn process came very early, however, into 
active competition with the production of oxygen by the 
electrolysis of water, the growth of this latter from 
about 1895 being a natural consequence of the rapid 
general development and introduction of electric power 
into industry in general. 

Since in the electrolytic process the determining 
factor of cost is the power consumption and it was rela- 
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tively easy from the first to closely approximate in prac- 
tice the theoretical efficiency possible by this process, the 
cost of oxygen soon became standardized to the cost of 
power on the open market and became almost as stable 
as that of power itself. Furthermore, electrolytic cells 
were relatively easy to build and operate in units of any 
size and there were no truly fundamental patents to 
affect the situation. 

The last and most important innovation was the 
commercial development by Carl Linde of Munich, and 
later by Georges Claude of Paris, of air separation 
through liquefaction and distillation. 

This it was that first vividly opened up to those in 
position to appreciate it the real vision of the ultimate 
possibilities for really cheap oxygen. It did not and has 
not to date, however, brought any significant lowering 
of the price of oxygen to the ultimate consumer and 
this is still practically determined as far as this country 
is concerned by the cost of production of the 25 per 
cent. of our present supply still manufactured through 
the electrolytic process, plus the cost of bottling, freight 
on steel cylinders and overhead of the sales and admin- 
istrative machinery required in such a business. 

Speaking in round figures, merely to give a bird’s- 
eye view of the present oxygen industry in relation to 
what expansion and changes application to major 
metallurgical operations would mean, the present pro- 
duction of the United States is about 3,000,000 cu. ft., 
or say, 130 tons of oxygen per day, over 95 per cent. of 
which is probably used in torches for cutting and weld- 
ing purposes. 

The one-quarter of this produced by electrolysis 
comes from several hundred privately owned plants, 
many of them quite small, and producing gas only for 
their owners’ uses. The remaining three-fourths of the 
supply comes from about 50 air liquefaction plants 
owned and operated by the Linde Air Products Co., 
using the Linde process, and the Air Reduction Co., 
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using, for the most part, the Claude process, but with 
still some production from the old Hildebrand process. 
The first of these two companies is the older and has 
somewhat the larger production. Practically the whole 
product from both companies is compressed into steel 
cylinders and sold to the trade. 

The largest single installation for air separation ever 
erected was in connection with the cyanamid nitrogen 
fixation plant built for the Government at Mussel 
Shoals, Alabama, during the war. This consists of 
thirty of the largest size of Claude units. It was built 
primarily to secure nitrogen, but if operated at full 
capacity for oxygen would be just about equal in output 
to this country’s total production as given above, and 
this in turn is equal to about one-fifth the amount of 
oxygen contained in the air blown in to one full-sized 
iron blast furnace making approximately 500 tons of - 
iron per day. The United States’ average daily pro- 
duction of iron last year was equivalent to that of about 
170 such furnaces running every day in the year. 

Computed directly from its heat of formation, water 
should theoretically be decomposable with a voltage of 
1.48 volts and a current consumption of 3,032,000 am- 
pere hours per ton of oxygen; or inround numbers about 
6,000 horse-power hours, which even at 0.2 cents per 
horse-power hour would be $12.00 per ton of oxygen 
produced. This represents the energy of chemical com- 
bination of the oxygen with the hydrogen in the forma- 
tion of water and must be supplied from without in the 
decomposition of the latter. 

In the separation of air, on the other hand, there is 
no chemical combination to overcome. The oxygen and 
nitrogen simply dilute one another in a simple mixture 
of the two, and theoretically require no energy expendi- 
ture for their mere separation. Due to their mutual 
dilution, however, their partial pressures in the mixture 
are only 1/5 atmosphere for the oxygen, and 4/5 atmos- 
phere for the nitrogen and as when finally separated 
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they must both have been compressed up to one atmos- 
phere, we must do at least this much work upon them 
which amounts, under assumption of isothermal com- 
pression to about 60 H.P. hours per ton of oxygen 
produced, or only about 1 per cent. of that theoretically 
required by the electrolytic process for producing the 
same quantity of oxygen, the by-products being in the 
one case 314 tons of nitrogen and in the other 14 ton of 
hydrogen. The values above given are, of course, the 
purely theoretical limits based on 100 per cent. efficiency 
for every step of the process and piece of apparatus em- 
ployed, and apply equally to any “reversible” process 
irrespective of whether it depends upon mechanical, 
physical or chemical steps. Thus, whether we try to 
centrifuge the gases apart, or liquefy and distill them, 
or dissolve them in water under pressure and reliberate 
them in fractionated form from solution, or even com- 
bine the oxygen with barium oxide and reliberate it, as 
in the old Brinn process, the theoretical limiting power 
requirements are the same and all that interests us from 
the power standpoint in any cyclic process is the measure 
in practice of its divergence from reversibility. The 
criteria of selection among these alternative processes 
from the side of power consumption must, therefore, be 
based upon losses of reversibility, 7. e., on friction, 
mechanical leakage, leakage of heat, chemical inertia, 
and losses of thermodynamic potential generally. In 
practice today the electrolytic process actually reaches 
an efficiency of from 80. to 85 per cent. and probably 
only very small additional gains on this can be looked for 
without running up fixed charges disproportionally. 

Of all the proposed air separation processes, that of 
air liquefaction and distillation seems not only to have 
already outstripped the others in the race, but to natu- 
rally present the most attractive features for large scale 
development. , 

Under very high centrifugal force there is an ap- 
preciable tendency for air to stratify into layers of in- 
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creasing oxygen content toward the periphery of the 
rotating mass, but the effect is rather small for the 
magnitude of centrifugal force we can expect to reach 
safely on a large scale with the strength of materials of 
construction now available. If we think of this as a 
continuous process with the air steadily flowing through 
the apparatus, very special precautions would appar- 
ently be necessary to prevent the current from disturb- 
ing the process of stratification as there would be no 
sharp boundary between layers of different composition 
as there is between liquid and gas in the liquefaction 
process. ‘There have been numerous patents taken out 
on the centrifugal separation of gases, but none of them 
as yet published seems to meet in comprehensive detail 
many of these fundamental difficulties, though one 
would be rash indeed to predict that human ingenuity 
may not yet produce something of practical value in this 
field. However, oxygen and nitrogen, with a ratio of — 
densities of only 7 to 8, present one of the most un- 
favorable pairs of gases which could be selected to which 
to apply the centrifugal method, so that, if it ever js 
worked out in practice, it is apt to find its best competi- 
tive field elsewhere, at least at the outset, say, for ex- 
ample, in separating hydrogen from water gas where 
the ratio of densities is from 50 to 100 times as favorable 
for this method. 

Solution of air in water and reliberation by drop in 
pressure also effects a concentration of the oxygen, as it 
is more soluble than the nitrogen. If high concentra- 
tions are desired, it becomes necessary as in the case of: 
centrifugal treatment to repeat the process several times. 
The process, while simple, would require, however, 
either very large equipment, or the use of very high 
pressure, or both, when compared to direct liquefaction. 

The use of a chemical absorbent like the barium 
oxide of the Brinn process would be much more prac- 
tical and attractive if we could find some cheap and 
stable substance which had much the same properties as 
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the hemoglobin of the blood with respect to the absorb- 
ing and liberating of oxygen without waste of energy. 
Up to date, however, none of the many substances which 
have been suggested for the purpose have proved to 
combine these desirable qualities in sufficiently high 
degree to promise serious competition with the lique- 
faction process. 

On the other hand, the power efficiency already 
reached in commercial air separation plants has prob- 
ably not much exceeded, if indeed it has attained, 10 
per cent. of the theoretical as above given. Here, how- 
ever, there is a much more hopeful outlook for improve- 
ment, as there seems no fundamental reason why we 
should not multiply the present efficiency several fold 
by applying the sort of good intelligent engineering 
which has brought the steam engine to where it stands 
today, as the elements of the problems are fundament- 
ally almost identical. 

Even with present equipment, the power cost in air 
separation is of an order of magnitude comparable with 
fixed charges, labor and other costs, in all of which fur- 
ther reduction can also reasonably be expected. 

In considering items of cost, and especially as con- 
cerns installation and power, it is well to bear in mind 
that if the oxygen plant is included as an integral part 
when the works are first built, a very considerable saving 
may probably be made through the reduction in size or 
the entire elimination of other structures, such as stoves, 
dust catchers, gas mains and the like, and that a number 
of power savings might likewise probably be effected, 
though the detailed discussion of this belongs more 
properly under the later head of the metallurgical appli- 
cations themselves. 

The development of this work is strictly an en- 
gineering project dealing with the handling of large 
masses of material and must be approached through 
building up good engineering practice as contrasted 
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with laboratory and experimental: methods at every 
point. 

The possible effects to be expected from oxygen en- 
richment of the air stream must be rather carefully dis- 
tinguished under several different heads. 

The effect which we are most apt to think of first is 
simply raising the temperature. This may be beneficial 
and important in some cases, but most of our present 
metallurgical processes are already standardized to 
pretty definite temperatures for very good reasons and, 
if enrichment of air is applied to them, the chief reasons 
will probably be other than for the temperature change 
per se. In fact, many temperatures in metallurgical 
operations are more definitely defined by the character 
of the charge than is always recognized even by those 
most familiar with practical operation. This is particu- 
larly so in blast furnace operations, for if more heat _ 
units are supplied or less taken away the furnace simply 
runs faster, but the temperature of the metal and slag 
can vary only slightly, as these are nearly though not 
quite completely determined by the composition and 
consequent melting point of the charge. The temper- 
ature of the coke and gas current in the furnace, espe- 
cially in its lower portion, may, of course, rise very con- 
siderably, and this in turn slightly superheat the metal 
and slag as they fall through the lower part of the 
furnace filled chiefly with coke. 

The most important way in which enrichment of 
blast may essentially influence blast furnace tempera- 
tures is indirectly by allowing variations in composition 
of charge, e. g., making of ferro-silicon or ferro-chrome 
directly in the blast furnace. In the case of the open 
hearth, and especially the converter, the temperature 
question is a more pertinent one, as their operation is 
not controlled by the melting and automatically flowing 
away of their charges. | 7 

On the other hand, the distribution of heat between 
the hearth and shaft of the blast furnace is tremendously 
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influenced by enrichment of the blast with oxygen be- 
cause of the diminution of the total amount of gases 
going up the shaft per unit of carbon burned. It must 
be remembered that the blast furnace is of all our metal- 
lurgical equipment the most complicated from the stand- 
point of interrelated mechanical and chemical processes 
going on inside of it and has reached its present state of 
development by very gradual and conservative steps 
over a long period. It may therefore not present the 
most favorable unit on which to commence the regular 
use of enriched air for standard and continuous opera- 
tions. 

In fact if we ever come to use highly enriched air in 
making ordinary pig iron the resulting furnace is apt to 
have very little resemblance to the blast furnace of to- 
day. Our experience in the meantime with electric 
furnaces should help greatly in this evolution, as the | 
conditions to be fulfilled in an enriched air furnace may 
reasonably be expected to lie between those of the elec- 
tric and the present blast furnaces. 

As the blast furnace, however, is the piece of equip- 
ment requiring the most continuous and uninterrupted 
operation, it may be that the enrichment of air for it as 
an emergency measure in case of trouble such as. a 
threatened freeze-up may prove of considerable impor- 
tance.. Not that freeze-ups really happen with the fre- 
quency which one would assume from their prominence 
in text-books and discussions, but that this very infre- 
quency may mean that blast furnace operators have 
come to work with so safe a margin of conditions to 
avoid them, that this insurance is costing daily in coke 
consumption and other requirements or results very 
much more than we realize, and if one could have a 
stand-by source of oxygen for enrichment purposes in 
case of emergency, even though it were not used at all 
in normal operations, it might permit of safely running 
on a very much closer margin in the heat allowance of 
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the furnace and making important improvements in its 
general economy and efficiency. 

Another important effect of the enrichment of the 
air would be the higher calorific value of the blast fur- 
nace gas obtained as a by-product due to elimination of 
part of its nitrogen. This in turn should mean cheap- 
ening of gas engine and other equipment on which it 
may be used. Furthermore, the removal of nitrogen 
from the blast air would tend to eliminate the necessity 
for hot blast stoves which at present consume about one- 
third of the total heat value of the gas produced in the 
furnace. ; 

The open-hearth presents some of the most interest- 
ing possibilities for the application of oxygen, par- 
ticularly in those operations where the electric furnace 
has been the open-hearth’s strongest competitor, e. g., 
where very high temperatures, coupled with a reducing 
atmosphere, are desired, as in the elimination of sulphur 
as calcium sulphide. With an open-hearth using ordi- 
nary air, in order to reach the highest temperatures 
now attainable, a complete and carefully balanced com-- 
bustion of the gases must be secured, resulting in a 
neutral or slightly oxidizing atmosphere, whereas if part 
at least of the furnace’s burden of inert nitrogen could 
be removed by the use of enriched air the same tempera- 
ture could be reached while still leaving a residue of 
unburnt material in the gas, thus producing a strongly 
reducing atmosphere. By enriching the air the total 
volume of gases passing through the furnace per unit of 
fuel burned and heat produced may be cut down enor- 
mously, since in the air there are four volumes of inert 
nitrogen to every volume of useful oxygen. This would 
greatly facilitate heat.exchange and reduce mechanical 
difficulties such as dust losses, maintenance and control 
of draft and the like, or on the other hand permit of 
speeding up the furnace and thus increasing its daily 
output and correspondingly reducing fixed charges and 


oy 


labor cost per unit of output. 
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If we carry the application of oxygen back of the 
open-hearth to the gas producer we may still further 
extend the same principles and deliver to the furnace 
more thermal units per unit of primary fuel consumed. 
Beside the actual saving of fuel which this represents, 
it may in some instances be still more important in 
cutting down the amount of impurities, especially sul- 
phur, carried into the metal from the fuel. Aside from 
both of these considerations and viewing the gas 
producer simply as an isolated unit in connection with 
either heating or power operations, oxygen enrichment 
of its air supply will permit the use of fuels which could 
not otherwise be burned in it at all and thus vastly in- 
crease our available fuel resources. 

In the matter of possible application to the con- 
verter, it is perhaps hazardous to speculate in advance 
of actual experimentation, but once an adequate supply 
of oxygen is available in the steel works such experi- 
mentation will almost inevitably produce useful results, 
some perhaps from directions we least expect. One of 
the conditions limiting what metal may go to the con- 
verter is the fuel value of the metalloids it contains, and 
in many cases we are paying rather heavily through 
operating conditions of the blast furnace to put silicon 
into iron largely for its fuel value later in the converter. 
A good part of these heat requirements might be re- 
moved by abstracting part of the dead load of inert 
nitrogen from the converter air. Whether such a pro- 
cedure might lead to a change in our practical classifica- 
tion of bessemer ores is an interesting question, but 
there seems to be so much difference of opinion at pres- 
ent and so many factors enter into the problem that all 
that can here be done is to merely mention the problem 
as suggestive of the wide and intensely interesting field 
of possibilities which cheap oxygen will open up. 

The interest of this Institute naturally centers in 
iron and steel, but in closing it may be useful to point 
out how equally important and possibly even more 
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diversified are the applications for cheap oxygen in the 
non-ferrous field and that consequently you may feel 
certain of the active interest and co-operation of your 
fellow metallurgists from that side in the working out 
of the many fundamental problems of common interest 
underlying the general subject. 

In the copper blast furnace running on sulphides 
with its relatively short shaft and hot top, the advantage 
of oxygen enrichment is much less open to question than 
in the case of the iron furnace. Furthermore, in all 
furnace treatments of sulphide ores the problem of 
disposal of the sulphur in the waste gases is one of ever- 
increasing acuteness as our mining and smelting com- 
munities with increase in surrounding settlements meet 
with more and more exacting conditions with regard 
to fume and smoke abatement. One of the difficulties 
in the way of the successful economic treatment of ~ 
many of these gases for the removal and utilization of 
the objectionable constituents has been the great dilution 
of the latter and consequent large volume of inert gases 
to be handled, a situation which may have quite a bear- 
ing on the interest manifested in the problems under 
discussion. In this connection the use of oxygen may 
also prove the key to the commercial recovery of sulphur 
in elementary form from sulphide ores, which has been 
a very elusive and at times a very live problem ever 
since John Hollway’s classie work on pyritic smelting in 
1878. Also in the roasting of difficultly burning sul- 
phide ores such as those of zine and very low grade 
copper ores and tailings preparatory to leaching, the 
availability of cheap oxygen will be very important, 
especially where the resulting gases are to be further 
utilized for their sulphur dioxide content either for 
sulphuric acid manufacture or for other purposes. 

Last, but perhaps not least, may also be mentioned 
the part that oxygen may play in some of the newest de- 
velopments of general metallurgy, viz., volatilization 
processes, where in contrast to most of the older metal- 
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lurgical processes high temperatures may in themselves 
play an important role. Aside from zine, cadmium and 
mercury, it is only lately that we have seriously con- 
cerned ourselves with the primary recovery of metals 
by volatilizing them from their ores, but just as hydro- 
metallurgy after a long and discouraging struggle 
finally won a foothold through the successful application 
of the cyanide process to gold and silver ores, so now 
what we might term “gas-metallurgy” seems also strug- 
gling for recognition and finding encouraging applica: 
tions to lead, copper, gold and silver, to say nothing of 
potash and phosphorus. 

But these last two carry us off again still further 
into the field of applied chemistry, where, besides the 
very important group of carbides and nitrides there are 
a host of other applications for cheap industrial oxygen, 
even the mention of which the limitations of time and 
the intended scope of this paper forbid for the present. 


VicE-Preswent Kine: This interesting paper will 
be discussed by several gentlemen. ‘The first on the list 
is Mr. M. H. Roberts, Chief Engineer, Franklin Rail- 
way Supply Company, Inc., New York. 


THE FUTURE OF OXYGEN ENRICHMENT OF 
AIR IN METALLURGICAL OPERATIONS 


DISCUSSION BY M. H. ROBERTS 
Chief Engineer, Franklin Railway Supply Company, Inc., New York 


Dr. Cottrell’s paper is intensely interesting and is 
written on a subject which some day will be vitally 
important to the iron industry, as the day is near when 
oxygen will be applied on a large scale to metallur- 
gical furnaces. 

In passing a few remarks on the subject, I will 
purposely refrain from discussing the technical details 
of the paper and confine my remarks to the practical 
side of the question and the problems today before the ~ 
engineering field as they appear to me. 

Having spent a number of years on the liquefac- 
tion of air and other gases, designing and building prac- 
tically all of the Claude oxygen and nitrogen plants 
in this country, as well as the Government’s 15,000,000 
cu. ft. per day nitrogen plant at Mussel Shoals, the 
nitrogen plants at Saltville and the oxygen installation 
for the poison gas plant at Edgewood, Maryland, I am 
familiar with the art to date and find there are today 
two successful liquefaction processes for the produc- 
tion of oxygen working in this country, as well as 
abroad. One is the Linde system and the other the 
Claude process. The first uses the nozzle expansion 
and the second the expansion engine with recoverable 
work. The thermodynamic efficiency of either process 
lies between 5 and 7 per cent., the latter being slightly 
more efficient than the former, but both extremely low, 
and decidedly so for any such work as referred to in 
Dr. Cottrell’s paper. 


The general operations of the processes are as fol- 
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lows: after the air has been purified to some extent. 
through scrubbers or other means, the Linde process 
starts in with compressing air to 2000 lbs. per sqim., 
the Claude process to 400 lbs. per sq. in. Then the air, 
under these pressures continues to what are known as 
the interchangers, where the temperature of the ingoing 
air is lowered considerably by the cold outgoing oxygen 
and nitrogen running in counter current. This, of 
course, refers to the process when in steady operation 
after the initial cooling of the apparatus. 

In the Linde system, the air leaving the interchang- 
ers goes to the coils in the “vaporizer” and is lowered 
in temperature, due to its submersion in liquid oxygen 
and while being lowered in temperature, in turn vapor- 
izes some of the liquid; the air leaving the coils goes to 
the nozzle, expansion takes place and the pressure drops 
to a few pounds, which is the pressure at which the 
fractional distillation of the liquid air is carried out in 
the rectifying column. The expanded air then passes 
to the top of the column for the purpose of rectifying 
the liquid, the liquid oxygen going to the bottom, and 
the nitrogen, being more volatile, leaves at the top in 
gaseous form, while the liquid oxygen is vaporized at 
the bottom and passes off in gaseous form, both oxygen 
and nitrogen gas going to the interchangers to lower 
the temperature of the incoming air and in turn raise 
the temperature of both the outgoing oxygen and nitro- 
- gen, and both gases leave the system at about atmos- 
pheric temperature and slightly above in pressure. The 
oxygen purity varies around 9814 per cent., and the 
waste nitrogen around 92 per cent. 

In the Claude process, part of the air leaving the 
interchangers goes through what is known as a lique- 
fier, while the major portion goes through the expan- 
sion engine, where it does work exhausting at about 
60 lbs. per sq. in. and at very low temperature, and 
“passes to the bottom of the vaporizer where partial 
liquefaction and separation take place through the 
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“backward return principle,’ 7. é., the mixed gases are 
caused to ascend vertically through a tubular condenser 
submerged in liquid oxygen under lower pressure, 
which causes partial condensation of gases, the liquid 
thus formed running back counter current to and in 
contact with the ascending gases. ‘The uncondensed ° 
portions of these gases on reaching the top of the con- 
denser reverse their direction and go down through a 
separate set of tubes immersed in the same liquid oxy- 
gen. In the second set of tubes liquefaction is com- 
pleted, the condenser as a whole thus forming two 
liquids, one rich in oxygen and the other rich in nitro- 
gen. ‘These liquids pass respectively through two ex- 
pansion valves, dropping in pressure and entering the 
rectifying column. The liquid rich in nitrogen goes 
to the top, while that rich in oxygen is put into the col- 
umn at that point where the liquid of the same compo- 
sition is found. This column functions in a manner 
similar to an alcoholic still and the same results are 
arrived at as in the Linde system, 7. e., nitrogen leaves 
at the top and the liquid oxygen goes to the bottom 
where it is vaporized, allowed to pass to the interchang- 
ers in parallel with the nitrogen for temperature ex- 
change, but some going through the liquefier for the 
purpose of liquefying a small portion of the incoming 
air at high pressure. The purity of the oxygen is about 
981 per cent., leaving at atmospheric temperature and 
slightly above in pressure. The nitrogen leaves at the 
same temperature and pressure but in purity about 96 
per cent. 

From what I have said you can readily see one rea- 
son for the very low efficiency, when you take air in at 
the high pressures and as you lower the temperature 
you drop the pressure to around a few atmospheres and 
you distill or separate the oxygen from the nitrogen at 
these low pressures, sending the products out at prac- 
tically atmospheric temperature and pressure with a 
recovery of only about 60 to 70 per cent. of the oxygen 
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content of the air that entered the system. But this 
is not the most vital inefficiency, as I will explain to you 
now, and just think—the air or raw products cost noth-— 
ing to start with, the great expense being the power con- 
sumption for compression. 

Let us analyze for a moment—here we have a plant 
representing today’s practice, running 380,000 cu. ft. 
per hour of air, approximately representing 6,000 cu. ft. 
of oxygen and 24,000 cu. ft. of nitrogen, this being the 
input of the compressor. The output of dry 9814 per 
cent. oxygen will be about 4,000 cu. ft.—less than 70 
per cent.; you have lost over 30 per cent. of the incom- 
ing oxygen and practically all of the nitrogen, which 
was 80 per cent. of the incoming air; therefore you have 
applied all the work of compression and separation on 
approximately 26,000 cu. ft. of expanded mixture, de- 
livering it to the atmosphere at that pressure and tem- 
perature, as well as living up to the 18th Amendment, 
making it a bone dry gas and throwing it away, due to 
both the present commercial processes being alike along 
this line and that being the major reason for your low 
efficiency, which, as I have said, is between 5 and 7 per 
cent. thermodynamically in the two most prominent 
processes. 

Now, as to the blast furnace, it is perfectly true that 
probably all the oxygen made in the United States 
daily when applied to the ingoing blast for the purpose 
of enriching the oxygen content up to a given per cent. 
might show wonderful results, but if I were a steel man 
I certainly would not want to pay the bill. It seems 
to me that the lines these systems are following prob- 
ably are good enough for bottled oxygen, which is used 
in the steel industry for cutting and welding and the 
like, but to follow along that same line of engineering 
(and I feel that it is more of an engineering problem 
than anything else, although chemical factors are there) 
it would be absurd to attempt to apply the present 
processes to metallurgical work. 
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During my work with the government, I came in 
contact with a process suggested to them for the sep- 
aration of helium, which shows from a thermodynamic 
point of study a process equal to the demands of the 
blast furnace field and shows an efficiency so far in 
advance of any process I know of today, that it pre- 
sents hopes of securing 150 to 200 cu. ft. of pure oxygen 
per kilowatt hour instead of 16 to 18 cu. ft. as the pres- 
ent practice shows. 

This process, as I understand it, starts on an initial 
air pressure very much lower than those above de- 
scribed and carries this same pressure through to the 
separation of the liquid, the column operating and rec- 
tifying the liquids under the same pressure. Therefore, 
there is no nozzle or expansion engine between the in- 
terchangers and column or still, so liquefaction must 
take place under higher pressure—consequently, higher 
temperature. As a result, you then have 80 per cent. 
of the incoming air (dry nitrogen) at almost the origi- 
nal pressure available for recoverable work, and as the 
temperature can be increased to a high degree at con- 
stant pressure by superheating, we have then expan- 
sion after liquefaction. This offers a wonderful oppor- 
tunity for power recovery, especially in view of the fact 
that you have these gases for the purpose of superheat- 
ing up to a high degree, moisture being practically 
eliminated. This very idea of superheating when ap- 
plied to locomotives makes railroading what it is today 
in the United States, but in the former case you have 
a perfectly dry gas to start with at practically the orig- 
inal pressure instead of one being in a saturated con- 
dition as in locomotive practice. It is common prac- 
tice to run locomotive superheating up to 800 degrees 
over the temperature of the saturated steam, and there 
is no doubt in my mind but what the future will bring 
about a 600 degree superheat with increased efficiency. 
Therefore, I believe that this particular part of the 
process is no. experiment and is exactly opposite to 
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the Claude process; and it is marvelous to think that: 
it has not been done before, because unquestionably 
the efficiency will be a great deal higher than exists in 
the present processes. In the Claude process, four- 
fifths of the incoming air expands from 400 lbs. to 60 
Ibs. at temperatures from approximately —100° C. to 
—145° C. exhaust, the work recovered by the expansion 
engine is nil, being absorbed by a small dynamometer 
and dissipated to the atmosphere, while in the sug- 
gested process the inlet temperature will be high 
through superheat and the exhaust as required, and 
three expansion engines are used instead of one, get- 
ting the drop in temperature in the process at the right 
place, with all the expansion after liquefaction. As 
stated above, this process shows signs of power recov- 
ery, as well as a thermodynamic efficiency heretofore 
unheard of, along with producing the oxygen at the 
required pressure, eliminating probably some blowing 
equipment as well as stoves. 

After the eventual process is determined for blast 
furnace work, the next problem to solve is a mechan- 
ical one. It is going to be necessary to get away from 
the laboratory scale of apparatus which exists at the 
present time. The present plants are mostly copper, 
using small areas, and the operators are familiar with 
handling liquid air in small pipes and small quantities. 
The difference in size when the blast furnace field is 
entered represents a ratio of 1 to 30, meaning that 
-steel must supersede copper and bronze, naturally de- 
manding the attention of the mechanical engineer, 
where heretofore engineers have known little or noth- 
ing about liquid air and its production. Until this ques- 
tion receives the sound engineering it should, the steel 
industry will benefit but little. 

A few years ago we thought an oxygen column of 
50 cubic meters per hour capacity was a large appara- 
tus. This last couple of years 100 cubic meter plants 
have been designed and built. The next step in line for 
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bottled oxygen is 250 cubic meters, so that we are grad- 
ually improving. 

At this time it is rather difficult to produce oxygen 
for $25 to $30. per ton. ‘To be of any interest to the 
steel industry the oxygen cost must be considerably 
reduced, and to assure really widespread and general 
application it should eventually be brought down to 
somewhere around $2 or $3 per ton, so that we have a 
tremendous step to take before we reach that mark, 
but the problem is such an interesting one and of such 
magnitude that, just as soon as the engineering world 
thoroughly understands the problem the steel industry 
is waiting for it to solve, little time will be lost and we 
will see some radical changes in the old blast furnace 
equipment; but as I have said, the present systems for 
the production of oxygen are only stepping stones to 
the eventual process. 


Vice-PresmENntT Kine: This paper will be further 
discussed by Mr. F. E. Norton, Vice-President, 
Jefferies- Norton Corporation, Worcester, Mass. 


THE FUTURE OF OXYGEN ENRICHMENT OF 
AIR IN METALLURGICAL OPERATIONS 


DISCUSSION BY FRED E. NORTON 


Vice-President, Jefferies-Norton Corporation, Worcester, Mass. 


I have been asked to discuss the subject of the cost 
of oxygen, as applied to metallurgical processes. The 
question of the cost of oxygen can not be separated from 
that of application. The cost of the oxygen depends 
directly on the use to be made of it. If there is no use 
for the oxygen, the matter of cost is without interest. 
If the cost is too high, the application is futile. 

Dr. Cottrell has referred to many proposed uses in 
metallurgical work, such as the application of oxygen- 
enriched blast to iron and other furnaces. I am not 
qualified to give independent expert opinion as to the 
results which would follow such an application to the 
existing types of furnaces, except to say that broadly 
the removal of the worse than inert nitrogen from any 
smelting operation will result in a concentration of the 
melting effect, less loss of heat, much faster running, 
and avoid the use of stoves for heating the blast. 
Strange to say, the cost of blowing a furnace with, say, 
50 per cent. oxygen, may be less than the cost with the 
standard furnace of today. The argument reduces it- 
self to one of capital charges on a diminished invest- 
ment with the oxygen-driven furnace, rather than solely 
to the saving in fuel. Other applications of the oxy- 
gen, to be briefly mentioned, operate in a similar direc- 
tion, and in the end the whole of the smelting operations 
in connection with steel making will be cheapened, and 
the fuel consumption will be very considerably reduced. 

In the matter of the cost of production of the oxy- 
gen, however, I feel that. the results of some seven 


128 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


years’ investigation of the causes of the high and pro- 
hibitive cost by the existing methods of air separation, 
justify me in the statement that oxygen can be pro- 
duced, by an available process, at a cost of about one- 
twelfth of that by the present processes. . 

If the oxygen is desired by metallurgists or chem- 
ists at such reduced costs, it will be available. Mr. M. 
H. Roberts, in his contribution today, has spoken of the 
fact that the cost by either of the existing processes is 
prohibitive for metallurgical processes on a large scale, 
and in that I fully agree, and as Dr. Cottrell has pointed 
out, the theoretical cost of electrolytic oxygen far ex- — 
ceeds the cost of air separation. It has been explamed 
that all the indications are in favor of systems which, by 
means of counter current exchangers and cooling de- 
vices, cause air to liquefy, at considerable pressure, in 
such a way that the liquid air may be distilled and sep- 
arated into oxygen and nitrogen, the still being exactly 
similar to the common alcohol column, but, of course, 
working at a very low temperature. It is easily dem- 
onstrated that such a process is a reversible one, and 
hence should have unit efficiency. No chemical action 
is involved. 

The results of the extended search for the source 
of inefficiency of all existing systems lead to the conclu- 
sion that the causes of loss are extremely simple, and 
are the result of bad thermodynamics, rather than of 
defective apparatus. It is easily demonstrated that the 
separation of the oxygen from the nitrogen of the air, 
by means of liquefaction and distillation, requires ex- 
actly the same power, in theory, as the work of com- 
pression, at atmospheric temperature, of the individual 
gases from their partial pressure to the total pressure 
of one atmosphere on each of the gases. That is, about 
.23 kg. oxygen must be compressed from 1/5 atm. to 
1 atm., and .77 kg. nitrogen must be compressed from 
4/5 atm. to 1 atm., the work to be done at atmospheric 
temperature. However complicated the stills and in- 
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terchangers may be, this compression and separation is 
the sole useful effect, which results in the oxygen and 
nitrogen being separately available at atmospheric tem- 
perature and pressure. 

The work of separation is very small in theory, and 
amounts to .103 H. P. per cubic meter of oxygen per 
hour, or substantially 1/10 H. P. per cubic meter Oxy- 
gen per hour. Other round figures easily remembered 
are 1 H. P. per kg. air separated per minute, 8 H. P. 
per 1,000 cu. ft. oxygen per hour. 7 

These are the theoretical figures and, therefore, na- 
ture has set very moderate limits to the power required 
to provide for the economical use of her fuels. It re- 
mains for man to search out the natural path by which, 
in fair degree, the limit may be approached. 

The actual power required by the best of the exist- 
ing systems may be, say 1.25 H. P. per cubic meter 
of oxygen per hour. The efficiency may, therefore, be 
taken at about 8 per cent. Such a low efficiency for 
a process which should be reversible is startling, and 
demands an investigation of the causes of loss. With- 
out going into abstruse thermodynamics, it may be 
stated that the low efficiency of all existing systems is 
due to two simple causes. 

First—The exchange of heat contents between a 
high pressure gas (air) which is being cooled and lique- 
fied (while passing the interchanger and still) and the 
escaping products of separation (oxygen and nitrogen) 
at alow pressure. That is, the abstraction of heat from 
a high pressure gas, and the transfer of this heat to a 
low pressure gas, which is the function of the exchangers 
in all systems. 

Second—The improper introduction of heat into the 
still, caused by the condensation of air in exchange for 
the evaporation of the liquid oxygen at the bottom of 
all existing columns. We here include the still in the 
counter current system. 

All existing systems highly compress the air to be 
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liquefied, and then lower the pressure, by throttling, or 
by expansion in a very cold engine, before entering the 
still. This lowering of the pressure is not required by 
nature, as the still may be worked at the original pres- 
sure, to which the air was-primarily compressed before 
entering the counter-current. The first and greatest 
cause of inefficiency is thus explained. A great amount 
of work is expended in compressing the air, at a high 
cost. The expansion in a nozzle or a very cold engine 
destroys this work beyond recovery. The cost of the 
primary compression is the one item of expense which 
is capable of the greatest reduction. Now, this expan- 
sion is avoided in the system which I am to present. 

The second cause mentioned, 7. e., the introduction 
of external heat into the still, is also avoided. The 
effect of the improper method used in all systems here- 
tofore is to require the evaporation of about one-third ~ 
of the total air, to cool the column, without any possi- 
bility of separating this air. 

The apparatus I am to discuss is not greatly differ- 
ent from that in use at present. No new physical or 
chemical actions occur. The improvement lies in the 
fact that the pressure is maintained in the still, and the 
nitrogen issues at practically the original pressure of the 
air which enters the counter-current system. To over- 
come heat leakage, and other imperfections, a small 
portion of the nitrogen may be used in the refrigerating 
engines. The oxygen may be expanded to remove the 
heat liberated by the separation. The escaping high- 
pressure nitrogen may be heated sufficiently in steel 
tubes, or in an internal combustion engine, to drive the 
primary compressor, by means of a gas engine cylinder, 
for instance. 

This is the fundamental idea in the Jefferies-Norton 
gas separation system, and amounts to the conserva- 
tion of the pressure of primary compression, through 
the liquefaction and distillation of the air. The pres- 
sure of the nitrogen, for instance, is conserved up to 
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the point where the gas issues, at atmospheric tempera- 
ture, from the exchanger. The potential of the gas 
has been conserved. This means that, even without the 
addition of artificial heat, the expanding nitrogen can 
absorb heat from the atmosphere, equal to that which . 
an isothermal compressor would reject to its cooling 
water, if the same mass of nitrogen were compressed to 
the same pressure. In other words, the nitrogen issuing 
from the counter-current could return exactly as much 
work as the primary compression of the same gas de- 
manded. 

By potential is meant the property possessed, by 
any high pressure gas, of absorbing otherwise useless 
energy into useful work. By the addition of further 
heat, due to the combustion of fuel, solid, liquid or 
gaseous, the gas acquires a further power of doing work. 
In this way, all the losses in the system, such as heat 
leakage and friction, as well as the work of separation, 
may be overcome, and the work of the nitrogen engine 
may even exceed the requirements of the primary air 
compressor. ‘These results by no means constitute a 
perpetual motion; they are, on the other hand, in strict 
accordance with the second law of thermodynamics and 
the law of conservation of energy. 

The disappearance of the work of primary com- 
‘pression, in the existing systems, at an enormous cost, 
and without any corresponding useful effect, is due sim- 
ply to the fact that the heat energy of the high pressure 
gas (air) has been transferred to the escaping low pres- 
sure gases (oxygen and nitrogen). Now, these gases 
are substantially perfect (at atmospheric temperature) 
and it requires almost exactly as much heat to evaporate 
the oxygen and nitrogen, in a still, and to bring them 
both to atmospheric temperature, in the exchanger, as 
the entering air will give up in being cooled and lique- 
fied at any moderate pressure (say 150° to 300°). 
This action occurs in the interchanger and still of all 
systems, i. e., in the heat exchangers. The effect es- 
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capes notice altogether, but the result, in the case of the 
usual high-low-pressure system, is the loss of pressure 
on the escaping gases, and hence the loss of potential, 
or the power of driving the primary compressor, with 
or without the use of artificial heat. 

The high pressure return system, on the other hand, 
may conserve the pressure on enough of the escaping 
gas (nitrogen) to enable it to absorb enough artificial 
heat to drive the primary compressor, without the use 
of any other power. 

To accomplish this, no new mechanism or physical 
facts are required. The only new element is the avoid- 
ance of expansion of the cold liquid or gases, and a 
mechanical means of evaporating oxygen at the - bot- 
tom of the still, and a corresponding condensation of 
nitrogen at the head of the column. ‘This means may 
consist simply of a pair of coils, placed at the bottom 
and the top of the column. Into the bottom coil may 
be compressed oxygen vapor, which will liquefy in ex- 
change for the evaporation of the liquid oxygen in the 
still. The liquefied oxygen from this coil will be cooled 
to the temperature of liquefaction of nitrogen. On 
releasing the pressure into the top coil the “transfer” 
oxygen will boil; and nitrogen will be condensed in the 
still head. ‘This nitrogen, in running down the column, 
will cause the condensation of the air which may be 
caused to bubble upward through trays filled with the 
cold liquid descending from the top of the column. The 
vapor from the top coil then passes to the suction of a 
“cold compressor,” where it is again compressed into 
the “transfer coil,” at bottom of column, and so the proc- 
ess may continue. It will be readily seen that this circu- 
lating system, consisting of the two coils and the “cold 
compressor,” constitutes a refrigeration cycle, which 
abstracts heat, at a low temperature, from the nitrogen 
space of the column, causing the condensation of the 
air, and rejects this heat to the oxygen at the bottom of 
the column, causing the evaporation of the liquid oxygen 
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at that point. This simple expedient is the “missing 
link” in all gas separation problems, and completely 
solves them. ; 

I am compelled to make some reasonable explana- 
tion of the system contemplated, because the costs I 
am going to mention are so far below that for the exist- 
ing systems that complete justification must accompany 
the claim. Otherwise the claim would amount to noth- 
ing. I have, therefore, taken the risk of wearying you 
with considerable detail, which is, however, essential to 
any claim for cost, such as I am about to make. 

The cost of driving such a separation system as I 
have outlined will be about one-twelfth that for the best 
existing systems, if conducted on a scale comparable to 
the supply of oxygen to an iron blast furnace. The 
_ cost of the oxygen to be applied to a blast furnace may 
be taken at, say, 6 cents per thousand cubic feet of oxy- 
gen. At 6 cents per thousand for the oxygen, it would 
cost $2.04 to burn one ton of carbon to CO, and $4.08 
to burn one ton of carbon to CO:. It is for the metal- 
lurgists to say whether at such costs his processes will 
benefit from the use of oxygen. I can state that oxygen 
will be available at that rate if any use can be made 
of it. , 

I would like to add that the application of an 
oxygen-steam blast to the gas producer is a most direct 
use, having indirectly a very vital bearing on metallurgi- 
cal problems. I am not in a position to enter into the 
details of this application, except to state that, with a 
_ proper proportion of steam and oxygen, such a pro- 
ducer would continuously convert carbon and water into 
a mixture of CO and hydrogen, forming a high heat 
value gas direct from coal. Nature has fortunately 
provided a small balance, so that the heat of disassocia- 
tion of water is only a little more than the heat of 
formation of CO, and only a small amount of the car- 
bon must be burnt to CO:. The process will work to 
the end that.almost the entire heat value of the coal will 
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be retained in the gas. This application alone may rev- 
olutionize the art of gas making. Mr. Jefferies, who 
has been engaged on this side of the matter, could, un- 
fortunately, not be notified in time to be here, though 
it was attempted to reach him by phone. 

I appreciate very much your kind attention which 
has been given my effort to explain the grounds for the 
hope of very cheap oxygen, and the opportunity, 
through Dr. Cottrell’s paper, to present the reasonable 
basis for an efficient process. 

The possibility for cheap industrial oxygen exists. 
It is up to the metallurgical industry to create a demand 

and put the oxygen to work. 


Vicr-PREsIpENT Kine: There will be a further dis- 
cussion of Mr. Cottrell’s paper by Mr. C. A. Meissner, 
Chairman, Blast Furnace Committee, United States 
Steel Corporation, New York. 


THE FUTURE OF OXYGEN ENRICHMENT OF 
AIR IN METALLURGICAL OPERATIONS 


DISCUSSION BY C. A. MEISSNER 


Chairman, Blast Furnace Committee, United States Steel Corporation, 
New York 


Dr. F. G. Cottrell, in his very interesting paper on 
the enrichment of air with oxygen, has brought to a 
focus a subject upon which there has been much discus- 
sion and speculation for a great many years past. 

The hope has frequently been expressed in technical 
literature that a material saving in coke consumption 
and an increased pig iron production could be obtained 
by the use of additional oxygen in the air.* Some experi- 
ments have also been made in order to ascertain the effect 
of increased oxygen in the air in blast furnace practice, 
notably at Ougrée, Belgium, where Dr. Peters built a 
small blast furnace and operated it for several years 
with air enriched by various degrees of oxygen obtained 
by the Claude process, and then for several months, just 
before the World War began, by enriching the oxygen 
content of his furnace blast to the extent of about 10 
per cent., i. e., from 21 per cent. to 23 per cent. by vol- 
ume, by means of a centrifugal method invented and 
perfected by Professor Mazza of Italy. Few, if any, of 
the results have been published, and this seems to be the 
only really serious effort that has been made in this di- 
rection. Such results from Ougrée as have come under 
notice have indicated that under their rather crude 
method of making pig iron, with high coke consump- 
tion and low blast temperatures, they obtained about 
10 per cent. reduction in coke consumption and about 
10 per cent. increase in pig iron production, and that 


“See: “The Physical and Chemical Foundations of Iron and Steel Manu- 
facture,” by Professor W. Mathesius, Berlin, 1916. 
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the centrifugal method had had a further effect of re- 
ducing the moisture in the air when condition of high 
humidity obtained, thus giving a more even amount of 
moisture to the blast. furnace, avoiding the peaks. 

Some further experiments have been made by the 
late J. KE. Johnson, Jr., at Niagara, of which little seems 
to be definitely known, and I am not aware of any 
records left by him as to his results. 

This subject has repeatedly been under discussion 
by the members of the Blast Furnace Committee of the 
United States Steel Corporation, and our general con- 
clusions as to the effect of oxygenating the air for blast 
furnace uses are given herewith. These conclusions are 
naturally based on theory, as we have had no practice to 
go by. 

Increasing the oxygen content of the air to the extent 
of about 10 per cent. of its original volume has usually 
been accepted as being most likely to show what benefits 
could be derived by these means. The knowledge that 
we have of Johnson’s experiments would indicate that 
if 20, 80 or 40 per cent. oxygen enrichment were em- 
ployed, the form of the blast furnace as well as its total 
equipment would have to be entirely changed. The 
question, therefore, is: what will, say, 10 per cent. en- 
richment do in our present equipment in blast furnace 
practice. Most of our modern blast furnaces built along 
modern lines, with large hearths, steep angles and wide 
boshes, and equipped with ample stove capacity, will 
have a top temperature of the escaping gases of from 
300° F. to 450° F. Many of the Minette Furnaces in 
the Lorraine and Luxemburg Districts of Europe will 
have a top temperature of about 215° F. to 300° F. To 
lower this top temperature materially would be liable to 
cause very serious disadvantages in practice. It might 
~ even lead to a wet top, that is condensation of moisture 
from the gases at the top of the furnace. The only real 
saving that the use of oxygen could effect would be to 
still lower this top temperature by further concentration 
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of heat in the combustion zone in the hearth, and under 
modern conditions it is doubtful whether this saving will 
be appreciable in practice under above conditions. 

There is no question that a higher temperature of 
combustion will be obtained in the hearth of a blast 
furnace by burning the coke with oxygenated air, but it 
is a well-known fact that the temperature existing in the 
blast furnace hearth is almost exclusively governed by 
the heat balance, depending on the heat-producing and 
heat-consuming reactions, and this temperature can be 
permitted to vary but very slightly in order not to cause 
changes in the quality of the pig iron; thus hearth tem- 
perature remaining the same the amount of heat carried 
off by the gases leaving the hearth per unit of coke car- 
bon burned is less in proportion to the smaller amount of 
nitrogen in the blast. More heat remains available 
therefore for the hearth reactions, and as there has been 
no greater demand for heat created per unit of product 
a decreased coke consumption should result. This, how- 
ever, means a further decrease in the amount of gases 
produced as compared with the former operation and, 
therefore, a still lower top temperature would inevitably 
result. As this lowering of the top temperature might 
seriously affect the operation of the furnace, and as no 
other means of raising it again appear to be available at 
present it would soon become necessary again to increase 
the coke consumption until the lowering of the top 
temperature has passed the danger point. Therefore, 
we can hardly expect to obtain any material coke saving 
through the enrichment of the air with oxygen under 
such conditions. . 

Where, however, we have furnaces operated with 
high top temperatures despite high blast heats, such as 
those producing ferro-manganese, ferro-silicon, or those 
working with rich ores, or through other conditions, a 
certain definite gain can undoubtedly be expected. Just 
what this gain will be no one as yet can tell, nor to what 
extent we can enrich the air beyond 10 per cent. in such 
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cases. There might also be a field for using oxygenated 
air at blast furnaces in an emergency due to hanging or 
slipping, or becoming cold, or for any other reason, but 
then we have to consider the question of installation of 
such a plant as would give us cheap oxygen and it might 
not be easy to arrange for a plant to operate intermit- 
tently. There is, therefore, a big field for investigation 
on this subject still open to us. 


Vice-Presipent Torrrne: The next discussion of 
the paper was to have been presented by Mr. EK. A. W. 
Jefferies, Manager, Gas Producer Department, 
Morgan Construction Company, Worcester, Mass., but 
on account of his absence his paper will not be read but 
will be printed in the record. 


THE FUTURE OF OXYGEN ENRICHMENT OF 
AIR IN METALLURGICAL OPERATIONS 


DISCUSSION BY E. A. W. JEFFERIES 


Manager, Gas Producer Department, Morgan Construction Co., 
Worcester, Mass. 


My interest in the development of cheap oxygen 
during the past seven years has been due principally to 
its close association with the art of making fuel gas. 
As fuel gas (or so-called producer gas) is used so 
largely in steel-making, no doubt this subject properly — 
comes within the purview of Dr. Cottrell’s paper. Pri- 
marily my object has been the development of a fuel 
gas containing all the combustible energy of the fuel 
from which it is made, but substantially without nitrogen, 
for general city and industrial use. Such gas can be 
made continuously in the modern gas producer by a 
gentle pressure of oxygen and steam. Its heating value 
is about 400 B. T. U. per cubic foot and its total cost 
(including the oxygen) works out at about one-half 
the present cost (per B. T. U.) of making city gas, a 
consideration of vital interest to municipal gas com- 
panies. 

The present question, however, relates to the effect 
which may reasonably be expected on the cost of mak- 
ing steel by the use of oxygen cheaply pumped out of 
the air—a process now measurably within our reach. 

There are two phases to this question—First, we 
must recognize that a vast volume of inert nitrogen is 
usually discharged from the furnace at a temnerature 
of 1300° to 1400° F. without contributing any useful 
effect, carrying with it about one-half the heating value 
of the fuel used. Every cubic foot of pure oxygen in- 
troduced to the furnace avoids introducing four cubic 
feet of this useless nitrogen, and if the gas is also made 
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with oxygen instead of air, we avoid putting another 
three pounds of nitrogen into the furnace per pound 
of coal used. We shall probably never be able to re- 
place air entirely in the furnace because the tempera- 
ture would be too high for known refractories, but the 
problem of protecting refractories and improving their 
endurance is fairly on the way to solution. Only 100 
pounds of coal are required to supply the necessary 
heat to make one ton of steel in the open-hearth furnace 
whereas we are now using about 600 pounds. ‘The 
unavoidable losses by radiation and imperfect combus- 
tion should not exceed 100 pounds more, so there is a 
very large margin of possible economy representing at 
least six million tons of coal per year based on present 
open-hearth output. Approximately one-half of this 
great loss might be saved by eliminating the nitrogen. 

Second, the availability of oxygen at the extremely ~ 
low cost which is now in sight gives another large prom- 
ise of economy in steel making. The output of an open- 
hearth furnace is governed by the time taken to melt 
the stock and to oxidize part of the impurities. This 
time, on a large modern furnace, averages from eight 
to ten hours per charge of 100 tons, and is governed by 
the temperature of the burning gases. A small reduc- 
tion in temperature makes the furnace almost inopera- 
tive, while a small increase cuts down the time out of 
all proportion to the increase. With a supply of oxy- 
sen going in with the gas, the temperature could be in- 
creased to the practicable limit and the time could prob- 
ably be cut to five hours or less, depending only on the 
protection afforded to the ‘roof and ports. Proper 
increase of temperature can therefore double the output 
of a furnace in a given time and consequently effect a 
further large reduction in amount of fuel used and 
especially in cost of labor per ton, because both these 
factors are dependent on the time consumed per heat. 

The prospect of more efficient steel making by such 
substantial conservation of fuel, transportation and 
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labor through the use of oxygen cheaply produced 
presents a bright outlook for the near future, and 
surely deserves the energetic support of those whose 
responsibilities in this industry are greatest. The cor- 
responding outlook in other metallurgical operations 
has been touched upon by others. Especially inter- 
esting in this connection is the prospect of producing 
a partially refined steel in the oxygen-blown blast fur- 
nace. 


VicE-PREsIDENT Torpine: The available material 
for chairmanship of this meeting is rapidly being ex- 
hausted, but I am glad to say that we have not any 
exhaustion of subjects for discussion. 

The next paper to be presented is “The Microscope 
and the Heat Treatment of Steel,” by Professor Albert 
Sauveur, Harvard University, Cambridge, Mass. 


THE MICROSCOPE AND THE HEAT 
TREATMENT OF STEEL 


ALBERT SAUVEUR 
Professor of Metallurgy, Harvard University, Cambridge, Mass. 


It is not without hesitation that I accepted the kind 
invitation extended to me to contribute a paper on “The 
Value of the Microscope in Metallurgy,” because of the 
difficulty of doing justice to the subject in the neces- 
sarily small compass afforded by our transactions and 
because of lack of time for the careful preparation such 
a paper calls for. Of necessity I must leave out of con- 
sideration the important and growing use of the micro- 
scope in non-ferrous metallurgy, to confine my remarks 
to iron and steel. But even to cover this subject alone 
would require the writing of a treatise. I must, there- 
fore, select such phase of it as is most likely to be of in- 
terest to the members of this Institute. With this in 
view, I shall consider chiefly the services rendered by 
the microscope in the heat treatment of steel. 

Referring in a general way to the importance of 
metallography I venture to quote here some remarks 
formulated in 1912: 


“It is not to be supposed that the path trodden during the last 
score of years was at all times smooth and free from obstacles. 
Indeed, the truth of the proverb that there is no royal road to 
knowledge was constantly and forcibly impressed on the mind of 
those engaged in the arduous task of lifting metallography to a 
higher level. 

Its short history resembles the history of the development of all 
sciences. At the outset a mist so thick surrounds the goal that only 
the most courageous and better equipped attempt to pierce it, and 
perchance they may be rewarded by a gleam of light. This gives 
courage to others and the new recruits add strength to the besieging 
party. Then follows the well-known attacking methods of scientific 
tactics and strategy, and after many defeats and now and then a 
victorious battle the goal is in sight, but only in sight and never to 
be actually reached, for in our way stands the great universal mys- 
tery of nature: what is matter? what is life? 
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Nevertheless there is reward enough for the scientist in the feel- 
ing that he has approached the goal, that he has secured a better 
point of vantage from which to contemplate it. The game was worth 
the candle. And if scientific workers must necessarily fail in their 
efforts to arrive at the true definition of matter, whatever be the 
field of their labor, they at least learn a great deal concerning the 
ways of matter, and it is with the ways of matter that the material 
world is chiefly concerned. Hence the usefulness of scientific inves- 
tigation, hence the usefulness of metallography. 

Like any other science with any claim to commercial recognition, 
metallography has had first to withstand the attack and later to 
overcome the ill-will and reluctance of the so-called “‘practical man” 
with a decided contempt for anything scientific. He represents the 
industrial philistine clumsily standing in the way of scientific appli- 
cations to industrial operations. Fortunately, while his interference 
may retard progress, it cannot prevent it. Had he had his own way, 
neither the testing machine, nor the chemical laboratory, nor the 
metallographical laboratory, nor the pyrometer would ever have been 
introduced in iron and steel works. 


Replying in 1913 to some foolish criticism, I wrote: 


“Tf most of us must of necessity follow the beaten path, let us 
at least do so without intellectual blinders, that our vision may be 
broader, that we may contemplate those—shall I say, more fortunate 
ones—who have been able or have been permitted to depart from it; 
and let us do so with reverence, for some of them at least are build- 
ing roads that will lead nearer and over smoother ground toward 
the desired end. Surely these road builders are entitled to the 
respect and encouragement of all pilgrims bound toward a common 
goal, for their roads when open to traffic will be the highways of 
travel.” 

These roads are now open to traffic and they have 
become the highways of travel even though foolishly 
or destructively minded persons may still be at the gate 
throwing harmless pebbles at the passers-by. 

In no department of metallurgy has the microscope 
rendered greater services than in the heat treatment of 
steel. : 

It may be contended at the outset that no satis- 
factory explanation can be given of the heat treatment 
of steel without having recourse to the microscope. 
Metallography alone supplies it and a knowledge of its 
teaching is indispensable to the intelligent conduct of the 
needed manipulations; indispensable also to further 


progress in the art of treating steel. 
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It would be difficult to find a contribution written 
within the last ten years in any of our technical transac- 
tions on the subject of the heat treatment of steel which 
is not based in part and often chiefly, if not wholly, on 
the teaching of the microscope. The reason for this is 
obvious. If the heat treatment of steel is of such vastly 
greater importance and significance than the heat treat- 
ment of any other metal or alloy, if it implies a vastly 
greater number of possible treatments and of possible 
results, it is because steel, unlike other metals and alloys, 
undergoes on cooling (and on heating) considerably 
below its melting point, momentous transformations 
which it is possible, at will, to arrest at any desired stage, 
thereby conferring to the metal an almost infinite num- 
ber of combinations of physical properties to meet our 
requirements. Were it not for the microscope we would 
be in almost complete darkness as to the nature of these ~ 
transformations and as to the extent to which a given 
treatment has permitted them to proceed. 

The diagram, Fig. 1, may help in visualizing these 
transformations as well as the results obtained by 
various heat treatments. For the sake of simplicity the 
steel considered is assumed to be of eutectoid composi- 
tion, that is, to contain in the vicinity of 0.85 per cent. 
carbon and free therefore from excess ferrite or cemen- 
tite. It is well known that when such a steel is allowed 
to cool slowly it exhibits a marked thermal critical point 
at about 700° C., resulting from a spontaneous evolution 
of heat at that temperature, and it is also well known 
that on cooling through its critical point this steel which 
at higher temperature consisted of a solid solution of 
carbon in iron (austenite) is now converted into an 
aggregate of iron (ferrite) and the carbide of iron Fe.C 
(cementite), the resulting intimate mechanical mixture 
of these two components being called pearlite. 

Austenite, however, is not abruptly converted into 
pearlite on reaching its critical point. The transforma- 
tion is gradual, three stages at least being recognized as 
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marking as many steps in the transformation. These 
stages correspond to readily distinguishable structures. 
They are often referred to as transition constituents, 
and are called respectively, martensite, troostite, and 
sorbite. This gradual transformation of austenite into 
pearlite is depicted in Fig. 1. If the cooling be suffi- 
ciently slow, the transformation is complete and the steel 
becomes pearlitic, a condition which imparts to it maxi- 
mum softness and ductility and minimum tenacity. 

By hastening and regulating the rate of cooling it is 
possible to prevent the full transformation of the steel; 
indeed, it is possible to arrest that transformation at any 
desired stage in accordance with the set of physical 


es 


Fig. 1—The Constituents o with its rate 


properties desired. This partial suppression of the 
transformation is made possible by the lowering of the 
critical point, that is, of the temperature at which the 
transformation takes place. 

In other words, the faster the cooling the lower the 
temperature of transformation, and the lower that tem- 
perature the more incomplete the transformation. If 
by the very rapid cooling involved in quenching steel 
the critical temperature remained at 700° C., the steel 
would become pearlitic and the hardening of steel there- 
fore would not be possible. Quenching steel for harden- 
ing, however, lowers the transformation temperature 
to about 300° C. and at that low temperature it is pos- 
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sible only for austenite to be converted into martensite. 
The transformation is then arrested, the steel remains 
martensitic, and hence becomes intensely hard. It has 
been attempted to indicate in Fig. 1 (1) the influence of 
the rate of cooling on the position of the temperature of 
transformation, and (2) the influence of the position 
of the temperature of transformation on the 
amount of transformation taking place. The critical 
point has been represented in each case by a 
set of two parallel horizontal lines in order to 
make it possible to indicate the progress of the trans- 
formation as the metal cools through this point. Seven 
rates of cooling are depicted yielding, respectively, 
pearlite, pearlito-sorbite, sorbite, sorbito-troostite, troos- 
tite, troostito-martensite, and martensite. Typical illus- 
trations of these constituents are shown in Fig. 2 to Fig. 
10. It is well known that it is not possible to prevent 
altogether the transformation of carbon steel, that is, to 
retain it in its austenitic condition, the fastest rate of 
cooling producing martensite. 

From the teaching of the diagram of Fig. 1, we 
naturally infer that in order to produce pearlito-sorbitic 
steel the metal should be cooled at such a rate as to lower 
its critical point to about 625° C., while to obtain sor- 
“bitic, sorbito-troostitic, troostitic, troostito-martensitic 
or martensitic steel, the cooling of the metal should be 
conducted with increasing rapidity. 

It should be borne in mind, however, that while it is 
known that when the transformation takes place at 700° 
C. the steel becomes pearlitic, whereas with its 
transformation lowered to 300° C. it becomes marten- 
sitie, it is not claimed, for obvious reasons, that the tem- 
peratures of transformation corresponding to the 
various structures described are accurately indicated in 
the diagram. The aim is to depict the mechanism of the 
critical transformation of the steel and the relation 
existing between the three factors, rate of cooling, posi- 

_ tion of the transformation temperature, and degree of 
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transformation. It should also be stated here that in an 
important paper by Portevin and Garvin* the authors, 
while noting the gradual lowering of the temperature of 
transformation caused by increasing rate of cooling, are 
led to believe in a discontinuity of the phenomenon when 
the cooling is very rapid as in quenching, and to conceive 
the existence of what they term “critical speed of 
quenching.” In their opinion the lowering of the point 
is gradual only so long as it occurs above 600° C. This 
conception calls for the occurrence on quenching of a 
thermal point at about 650° C. which they call Ar’ in- 
dicating the formation of troostite and of a second point 
called Ar” in the vicinity of 300° C. corresponding to the 
formation of martensite. Steels exhibiting these two 
points contain both troostite and martensite; those for 
which the upper point (Ar’) only occurs, are entirely 
troostitic, while those exhibiting the lower point (Ar’”) 
only, are entirely martensitic. It is also noted by the 
authors that the thermal point at 650° C. corresponds 
to a distinct jog in the cooling curves while the evolution 
occurring in the vicinity of 300° C. is much more 
gradual, causing merely a change of direction of the 
cooling curve. For a certain rate of cooling (the critical 
rate) the upper point abruptly disappears while the 
lower one persists or makes its appearance. 

Should further investigation confirm the accuracy of 
this brilliantly worked out conception, the diagram 
herewith submitted, which the author has used for years 
in his teaching, would have to be modified accordingly. 
Pending this confirmation its use in illustration of the 
remarks of this paper appears justified. | 

The very frequent occurrence of both martensite and 
troostite in the same sample of quenched steel is not 
explained in a fully satisfactory manner by Portevin 
and Garvin’s theory, seeing that it demands the occur- 


* The experimental investigation of the influence of the fate of cooling 
on the hardening of carbon steel—A. M. Portevin and M. Garvin, Journal, 
Iron and Steel Institute, No. 1, 1919, page 469. 
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rence of the two points Ar’ and Ar” implying the trans- 
formation into troostite at 650° C. of a portion of the 
austenite and the transformation into martensite of the 
balance at 800° C. Without discussing the matter fur- 
ther, let it be observed that this theory also indicates that 
the structure of steel depends primarily upon the extent 
of the transformation, which in turn depends upon the 
temperature at which that transformation takes place. 

Sorbite is more tenacious, harder and less ductile 
than pearlite; troostite is more tenacious, harder and less 
ductile than sorbite; martensite is more tenacious, harder 
and less ductile than troosite. When maximum soft- 
ness and ductility are needed, therefore, the treatment 
should be of such a nature as to permit the steel to be- 
come pearlitic which in turn implies a transformation 
at about 700° C., hence, slow cooling. Such treatment 
is generally known as “annealing.” : 

To produce greater tenacity and elastic limit with 
reduced ductility although retaining freedom from 
brittleness, the metal should be made sorbitic through a 
suitable rate of cooling, by which the position of the 
critical point will be sufficiently depressed. 

To produce great hardness, necessarily accompanied 
by little ductility, if not by brittleness, the steel should 
be made martensitic or troostito-martensitic which im- 
plies cooling at such rate that the temperature of trans- 
formation is lowered to about 800° C. These three basic 
treatments may be called respectively, “softening,” 
“strengthening” and “hardening” treatments. It is 
obvious that the gradual transformation of one con- 
stituent into another, as, for instance, of martensite into 
troostite, may result in the presence in the metal of these 
two constituents in an infinite number of proportions, 
hence that the physical properties of steel may be made 
to vary by an infinite number of steps. 

The physical properties of steel, however, do not 
‘depend exclusively upon the relative proportions it may 
contain of the micro-constituents mentioned above; they 
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also depend upon what may be termed “the fineness of 
the structure.” In other words, steel may be finely or 
coarsely pearlitic, finely or coarsely sorbitic or marten- 
sitic, when it will be found in nearly every case that the 
finer structure is preferable. Hence, the desirability of 
producing not only the necessary constituents but of ob- 
taining them in the finest possible form. That is why, 
for the purpose of heat treatment, the steel should not 
generally be heated to a temperature much above its 
critical range. Again, in steel so generally although 
vaguely described as “heat treated,” the aim is generally 
to produce a sorbitic condition in order that the metal 
may be highly tenacious, but this condition is not as a 
rule imparted by a single cooling through the range at 
the proper rate because such treatment while producing 
sorbite will not yield it in a sufficiently fine condition. 
It is preferable to have recourse to an indirect treatment 
consisting in first producing martensite through a faster 
cooling and then in transforming that constituent into 
sorbite by a so-called “drawing treatment,” because the 
very fast cooling needed to produce martensite implies 
a finer structure and this fineness of structure is retained 
when martensite is tempered into sorbite. 

Passing now to alloy steels, metallographic methods 
of investigation again supply the key necessary to un- 
derstand the remarkable properties of some of these 
alloys and the influence of heat treatment. It has been 
found that some elements such as manganese, nickel, 
chromium, tungsten and others when alloyed with iron 
and carbon yield results to which these alloys owe their 
great industrial importance. It may be asserted that 
were it not for the marked influence of these elements 
in lowering (or raising’) the position of the temperature 
of transformation they would have comparatively little, 
if any, influence on the physical properties, and alloy 
steels, therefore, would be of little importance. If 
manganese steel, for instance, had its transformation 
temperature on slow cooling at the ordinary tempera- 
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ture, that is, in the vicinity of 700° C., the steel would 
become pearlitic on slow cooling and would not therefore 
differ materially from ordinary slowly cooled carbon 
steel. Manganese, however, lowers the point of trans- 
- formation causing that transformation to take place 
at gradually lower temperatures and therefore causing 
the steel to assume on slow cooling the various structures 
described above and which in carbon steel can be obtained 
only, if at all, by increasing the rate of cooling. When, 
for instance, a sufficient proportion of manganese or 
nickel has been introduced to lower the temperature of 
transformation to some 300° C., the steel, although 
slowly cooled, becomes martensitic. Indeed with some of 
these elements it is possible to prevent the transforma- 
tion altogether, retaining the steel in its austenitic condi- 
tion. Obviously in such cases no thermal critical point 


occurs above room temperature. The influence of some - 


of these alloying elements, therefore, is to produce, after 
slow cooling, structures which in carbon steels can be 
obtained only by rapid cooling (quenching), if at all. 


The advantage of obtaining sorbitic or martensitic — 


structures without having recourse to quick cooling is 
obvious because of the inherent dangers of the quenching 
bath. 

To clarify, steel to become martensitic must have its 
transformation lowered to some 800° C. This can be 
accomplished in carbon steel (provided enough carbon 
be present) by quenching, while in some alloy steels it is 

- produced through the addition of a sufficient amount of 


the special element without the necessity of quenching. - 


Such steels are frequently referred to as “air” or “self- 
hardening” steels. 

A third factor is sometimes effective in lowering the 
temperature of transformation sufficiently to produce 
martensite, namely, increasing the temperature from 
which cooling begins. Some nickel-chromium steels, for 
instance, which after slow cooling from a temperature 
slightly above the normal position of their critical point 
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are pearlitic or sobitic, may become martensitic if the 
cooling proceeds from a considerably higher tempera- 
ture. It is observed then that as the temperature 
from which cooling begins increases, the position of 
the critical point is lowered until, when it reaches some 
300° C., martensite is produced. In some cases the 
normal thermal critical point occurring in the vicinity of 
700° C. on slow cooling from slightly above the critical 
range seems to gradually disappear as the temperature 
from which cooling begins increases, while a new point 
occurs in the vicinity of 300° C., increasing somewhat in 
intensity as the temperature from which the metal cools 
increases. This is what happens in the heat treatment 
of high speed steel. It remains true, however, that steel 
becomes martensitic whenever the temperature of trans- 
formation is lowered to about 300° C., whether this be 
accomplished by quenching or through the influence of 
the special element or elements, assisted or not by in- 
creasing the temperature from which cooling begins. 
In regard to the formation of martensite, steels 
therefore may be divided into the following classes: 


Water HarvENING STEEL, that is, those steels which 
in order to become hard must be quenched in water as, 
for instance, medium high carbon steels. 

Or, HarpeNnine STEEL, that is, those steels which 
become hard after quenching in oil as, for instance, high 
carbon steels. . 

Arr HarvENIné STEEL, that is, those steels which be- 
come hard after air cooling as, for instance, some nickel- 
chromium steels, some nickel steels, some manganese 
steels, ete. 

FurNACE HarpENING STEEL, that is, those steels 
which become hard even after very slow cooling in the 
furnace as, for instance, some nickel and some man- 


ganese steels. 
Air hardening and furnace hardening steels are 


sometimes called “self” hardening steels. 
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The question may well be asked, however, whether 
the martensite formed under these different cooling con- 
ditions should be identical in structure and physical 
properties seeing that this constituent may have formed 
(1) very quickly on water quenching, (2) more leisurely 
on air hardening, or (3) very leisurely on furnace cool- 
ing. Indeed it is apparent that martensite produced on 
slow cooling is more stable than the same constituent 
obtained by rapid cooling. Carbon steel, for instance, 
made martensitic by quenching, can be readily tempered 
and softened while self-hardening steel made martensitic 
by slower cooling requires prolonged heating to some 
600° to 675° C. to be softened. ‘This is why some of 
these self or air-hardening steels were used successfully 
as cutting tools before the introduction of high speed 
steel. They could be used at greater speed than 
quenched carbon steel without losing their cutting edge 
through the tempering action of the heat of friction. 
Their martensitic condition was more stable. Furnace. 
hardening steels which become martensitic after furnace ~ 
cooling should retain their cutting edge when heated to 
still higher temperatures and should therefore possess 
some of the essential properties of high speed steel. 
Obviously then the condition of any hardened steel is 
the more unstable, that is, it yields the more readily to 
tempering and drawing, not only the more incomplete 
its transformation but also the faster the cooling that 
produced this partial transformation. To illustrate, 
martensitic carbon steel is more unstable than the same 
steel in a troostitic condition because it is less completely 
transformed; martensitic air-hardening steel is more 
stable than martensitic carbon steel because the marten- 
site of the former resulted from a slower rate of cooling. 

The microscopic study of steel has made possible im- 
provements and refinements in the heat treatment of the 
metal which could not have been accomplished without 
its aid. It seems hardly necessary to call the attention 
of the members of the Institute to the important part 
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played by the microscope in those plants where steel 
must be subjected to careful heat treatment as, for in- 
stance, in the manufacture of automobiles, aircraft, ete. 
It has made possible that reduction in weight so essen- 
tial in those constructions, a reduction which can be 
obtained only by so treating the different parts as to ob- 
tain maximum properties for each pound of steel used. 
Employees from these plants have sought instruction 
in metallography by the hundreds if not by the thou- 
sands. 


Vicr-PrEsmENT Toprrne: Professor Sauveur’s 
paper will be discussed by Mr. George K. Burgess, 
Chief of the Division of Metallurgy, Bureau of Stand- 
ards, Washington, D. C. 


THE MICROSCOPE AND THE HEAT 
TREATMENT OF STEEL 


DISCUSSION BY GEORGE K. BURGESS 
Chief, Division of Metallurgy, Bureau of Standards, Washington, D. C. 


In discussing the very valuable contribution of Prof. 
Sauveur to the subject of the microscope and heat 
treatment, it has been suggested that mention be 
made of some of the methods of testing metals and iden- 
tification of their constituents, which may supplement 
the information given by the microscope in the exami- 
nation of steel and other alloys. 


A great deal of investigation has been carried out 


recently and is still in progress on improvement and 
scope of the various physical methods of testing metals, 
such as hardness, magnetic properties, thermal analy- 
sis, X-ray examination, alternating stress and impact 
tests, as well as their correlation and interpretation in 
terms of the history of the metal as related to its chemi- 
cal composition, manufacture, working hot or cold, and 
heat treatment, and finally as visualized by means of 
the microscope. A development of special significance 
and promise is the increase in the adaptation of testing 
methods to steel at elevated temperatures. 

In contrast with the early indifference and even hos- 
tility to the introduction of metallographic methods in 
the steel practice as described by Professor Sauveur, we 
may characterize the present attitude of metallurgical 
engineers as one almost of impatient expectancy with 
respect to the development of the newer methods of 
examination such as magnetic, pyrometric, X-ray, and 
improved mechanical testing methods. It is fair to 
state that now the demands of the engineer already out- 
run the advances of science. 
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Prof. Sauveur has given an admirable summary of 
the present state of our knowledge concerning the inter- 
relations of the indications of the microscope and the 
constituents of steel as dependent upon its heat treat- 
ment. Some emphasis might also be placed upon the 
great usefulness of the microscope in a field not specifi- 
cally treated by Prof. Sauveur, namely, the role played 
by the microscope, not only in elucidating the intricate 
behavior and complicated transformations in steel, but 
also as a shop tool which has become indispensable to 
practically all steel manufacturing operations and espe- 
cially in the control of high-class products through the 
various inspection stages. Again, it is our most precious 
tool for identifying harmful inclusions, detecting flaws, 
and explaining failures, whether caused by unsuitable 
furnace practice, improper forging, and other mill oper- 
ations, or inadequate or careless heat treatment. It is 
but necessary to mention some of the ills to which steel 
is subject, such as flakes in ordnance steel, micro-segre- 
gation of phosphorus in wrought iron, transverse 
fissures in rails, hair cracks in crankshafts, ghosts in 
forgings, and many other faults, to appreciate the debt 
of the steel manufacturer to the microscope. It is also 
a comfort to know that excellent metallographic outfits 
are now being made in this country, and that their cost, 
maintenance and operation are insignificant as com- 
pared with the returns they may render. . 

We may mention briefly the present orientation of 
some typical metallographic problems in which we are 
interested at the Bureau of Standards. 


MIcROsTRUCTURE OF STEEL AT HicH TEMPERATURE 


Steel is usually examined when cold, but a knowl- 
edge of the structure which exists at elevated tempera- 
tures is often of considerable value. In particular this 
is true for those alloys which show certain critical trans- 
formations as steel does. A convenient method for 
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Fig. 1.—IJnverse-rate ther- 
mal curves of 0.08 carbon 
steel. The horizontal lines 
indicate the temperatures 
700°, 800°. and 900° C. The 
specimens shown in Figs. 2, 
3 and 4 were heated at the 
approximate temperatures 
shown by the circles 


studying the changes which the 
structure undergoes upon heat- 
ing is that which has been desig- 
nated as “heat-etching.” The 
specimen which has been pol- 
ished for microscopic examina- 
tion is heated in vacuo for a 
period of thirty minutes or more 
at the desired temperature and 
then allowed to cool in the 
evacuated furnace. The surface 
remains bright and free from 
oxide but on account of a slight 
volatilization of the surface 
metal which occurs, as.well as the 
differential expansion of the va- 


rious constituents, a record of 


the structure which exists at the 
high temperature remains. No 
further etching of the specimen 
is necessary. Often two or more 
patterns superimposed one upon 
the other, each corresponding to 
the kind of structure within a 
certain temperature interval, are 
to be found. 

Fig. 1 shows the thermal 
curves of a low carbon steel 
(C=0.08) giving the three 
transformations, A:, A», As. 
Specimens were heated for 30 
minutes at the temperatures in- 
dicated by the black circles in 
order to illustrate the structure 
which exists just below the Ac: 
transformation, just above Aci, 
and above Acs. Although the 


specimens used were not ex- 
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actly the same as the one for the thermal curves, they 
may be used to illustrate the principle. 


Fig. 2.—Microstructure of low-carbon steel just below the A, transforma- 

tion. The specimen was heated for 30 minutes in vacuo just below the A, 

transformation temperature. The effect of the heat-etching has been 

polished off and the specimen etched with 2 per cent. alcoholic nitric acid, 
Magnification, x100 


(b) 
-carbon steel just above the A, transforma- 
heated for 30 minutes in vacuo at 


a) 
Fig. 3.—Microstructure of low 
tion. a. The polished specimen was 
760° C, or above the A, transformation temperature. The surface has been 
heat-etched. Magnification, x100. b. Same as (a) at a magnification of 


x500. ‘The pearlite has formed a solid solution which has merged with the 
surrounding ferrite to some extent 


The structure of low carbon steel (C=0.18) re- 
mains unchanged up to the temperature of the A; trans- 
formation as is shown in Fig. 2. By heating a similar 
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specimen for 80 minutes in vacuo Just above the A: 
transformation, the change shown in Fig. 3a results. 
The two constituents making up the pearlite verge into 
a uniform solid solution, i. e., the carbide no longer exists 
as discrete particles but is dissolved in some of the sur- 
rounding ferrite. The extent of the fields of the solid 
solution which replaces the pearlite are to be seen better 
in Fig. 3b, which shows the structure at a higher mag- 
nification. ‘The boundaries of these fields of the solid 


(a) ' 
Fig. 4.—Microstructure of steel above the A; 


A polished specimen of very low-carbon steel (ap 
cent.) was heated in vacuo for 30 minutes at 950° C. a. Two crystalline 


(b) . 


transformation temperature. 
proximately 0.05 per 


systems are shown, thé one with the wide dark boundaries represents the 
gamma state, stable above Ag. Many of these crystals are twinned. Super- 
imposed upon the gamma structure is a fine network which corresponds to 
the alpha structure, stable below As. b, Same as (a) ata slightly different 
focus. Magnifications, in both cases, x500. The specimen was “heat-etched” 
solution are gradually extended upon continued heating 
or by raising the temperature. It is very evident that 
quenching a specimen of steel from just above the A: 
transformation will produce a much more pronounced 
change in physical properties than will be produced by 
quenching the same specimen from below the A, trans- 
formation, i. e., before any structural change had 
occurred. 

A. specimen, heat-etched by heating in vacuo above 
the A; transformation, is shown in Fig. 4a. A still 
more pronounced change has occurred. All trace of 
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the pre-existing pearlite has disappeared (specimen 
C—0.05) as the solid solution becomes uniform through- 
out the specimen. A pronounced change in crystalline 
characteristics occurs as the specimen is heated above the 
A; transformation as is shown by the dark heavy out- 
lines in Fig. 4a. The steel when in this state, the 
gamma or austenitic condition, often shows a twinned 
arrangement of the crystals as shown by the large cen- 
tral crystal. Superimposed upon the pronounced net- 
work of Fig. 4a may be seen a fine, rather inconspicu- 
ous one corresponding to a condition in which the crys- 
tals were smaller and differently arranged. This is 
better shown in Fig. 4b, which shows the same spot on 
this specimen at a slightly different focus. This cor- 
responds to the alpha state of the steel. It is not sur- 
prising in view of the pronounced structural change 
which occurs at the temperature of the A; transforma- 
tion that this temperature is of great importance in the 
heat treatment of steels. 


Microscopic Post Mortems 


An interesting example of the application of the 
microscope in detecting conditions which are often 
erroneously attributed to faulty heat treatment is given 
in Fig. 5a, which shows a section through a portion of a 
steel rifle part. The material, which appears to be very 
unsuitable for use, is of nickel steel (approximate nickel 
content, 3.5 per cent.) and has been sectioned longi- 
tudinally through the center, polished, and etched deeply 
with concentrated hydrochloric acid. Previously to the 
deep etching of the specimen, the microstructure of the 
body of the piece as well as the central portion was 
examined. This is shown in Figs. 5b and 5c. The 
greater portion shows the usuai structure of this type of 
steel, pearlite grains enclosed in a ferrite envelope. In 
striking contrast to this it will be noted that the central 
portion is martensitic and it is not surprising that un- 
surmountable difficulties were encountered in attempting 
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(b (c) 
Fig. 5.—Detection ie faulty treatment by the microscope. a. Polished and 
deeply etched longitudinal section of a “small arms” part. ‘The steel 
contains approximately 314 per cent. nickel. The center is very readily 
attacked by the acid used for etching. Magnification, x1. b. Microstructure 
of the portion of the specimen outside the central streak. This was taken 
before the specimen was deeply etched. The structure is that usually 
obtained for this steel when in the soft state. Magnification, x100, Etch- 
ing 2 per cent. alcoholic solution. of nitric acid. ¢. Microstructure of the 
central streak of (a). The material here is martensitic due to the high 
nickel content of this portion. Magnification, x500. Etching, as in (b) 


to drill these specimens. That the material has received 
no hardening treatment is evident from the structure of 
the greater portion of the specimen. The martensitic 
condition in the center is to be attributed to an abnor- 
mally high nickel content, as was confirmed by chemical 
analysis, and is due to faulty practice in the melting of 
the steel. The nickel has not had time to become thor- 
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oughly and uniformly disseminated throughout the 
ingot before solidification occurred. Such a condition 
could not be remedied by any heat treatment short of 
remelting. . 


Hieu Spreep Toor STEEL 


One of the most interesting classes of steel to be 
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Fig. 6.—Relation of microstructure of high speed tool steel to its heat 
treatment. Steel of the composition: carbon, 0.77; tungsten, 17.8; chromium, 
3.5; and vanadium, 0.74 per cent. was given the treatment as stated below; 
a. Quenched in oil from 1290° C. The material is largely austenitic in 
structure. b. Specimen (a) tempered at 200° C. A faint martensitic 
pattern has been developed: c. Specimen (a) tempered at 400° C. A 
very pronounced martensitic pattern has resulted. d. Specimen (a) tem- 
pered at 600° C. The structure is still martensitic and very similar to 
that shown in (c). See below, Fig. 6 (e) and (f). 


162 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


studied in the relation of heat treatment to metallo- 
graphic constituents and performance is high speed tool 
steel. In order to develop to the full extent the char- 
acteristic properties of such steels certain precautions 
must always be observed in the heat treatment, one of 
the most important of these being the use of an ex- 
cessively high temperature for hardening, such as would 
ruin simple steels. The use of the microscope will make 
clear the necessity for this high temperature treatment, 
as shown in the following micrographs. ‘These have 
been selected with the aim of also showing the under- 
lying reasons which give this steel many of its character- 
istic properties. Among these may be mentioned 
“secondary hardness,” that is, the increase in hardness 
produced by tempering, and “red hardness” or the 
ability to retain its hardness at a red heat. The steel 
used was of the following composition: carbon 0.77; 
tungsten 17.8; chromium 3.5; and vanadium 0.74 per 
cent. 
The series of six-micrographs in Fig. 6 shows the 
microstructure resulting by quenching in oil from 1290° 
C. and tempering at temperatures ranging from 200° 


Fig. 6 (continued)—e. Specimen (a) tempered at 700° C. ‘The structure 

is largely troostitic though traces of the martensitic pattern still persist. 

f; Specimen (a) tempered at 800° C. The structure is approaching the 

sorbitic state. Magnification in all cases, x500. Etching, 2 per cent. alco- 
holic solution of nitric acid 
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to 800° C. The material, as quenched, is largely in the 
austenitic state and contains some particles of free car- 
bide. Upon tempering, the austenitic matrix shows the 
characteristic pattern of martensite. This is only 
faintly shown by the specimen tempered at 200° C., but 
is very pronounced in those tempered at 400° and 600° 
C., although the specimen for the most part consists of 
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Fig. 8.—Relation of microstructure 
of high speed tool steel to its heat 
treatment. High speed tool steel 
(composition as given for Fig. 6) was 
given the treatments listed below: 
a. Quenched in oil from 1050° C. 
b. Specimen (a) tempered at 300° C. 
The material shows a_ martensitic 
pattern. c. Specimen (a) tempered at 
400° C. There is but little if any trace 
of the martensitic pattern remaining 
after this treatment. d. Specimen (a) 
tempered at 600° C. The structure is 
largely troostite. e. Specimen (a) 
tempered at 700° C. The material is 
still very similar to (d) in its struc- 
ture. Magnification in all cases, x500. 
Etching, 2 per cent. solution of nitric 
acid in alcohol. 
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troostite. In specimens tempered at 800° C., however, 
all trace is lost and the material is approaching the sor- 
bitic state. Naturally it is to be expected that the ma- 
terial will show pronounced changes in its physical prop- 
erties corresponding to these structural stages accom- 
panying the tempering. This is illustrated by Fig. 7, 
which shows the change in the hardness (scleroscope) 
of the material in each of the stages shown in Fig. 6. As 
was to be expected, the hardness increases upon temper- 
ing as the austenitic matrix becomes martensitic (secon- 
dary hardening). It will be noted that the specimen re- 
tains its hardness (red hardness) up to a tempering 
temperature of approximately 700° C., after which a 
very pronounced drop occurs such as the structure of the 
specimen would suggest. 

For comparison, in Fig. 8 a series of specimens 
of the same steel is shown after being hardened by 
quenching from a temperature considerably lower 
than used inthe preceding series, 1050° C. as com- 
pared with 1290° C. On account of the ex- 
cess carbide particles which have not been taken 
into solid solution upon heating before quenching, little — 
can be said concerning the structure of the matrix 
directly after quenching. The material, however, shows 
a martensitic pattern upon tempering. A relatively low 
temperature (300° C.) is sufficient in this case; faint 
traces only of the martensitic pattern are to be found in 
a specimen tempered at 400° C. The specimen soon 
becomes troostitic and finally sorbitic upon further 
tempering. Evidently the properties of the material 
- after this treatment will be quite different from those of 
the same steel after being given high temperature treat- 
ment. The hardness (see Fig. 7 again) is considerably 
less than in the former series and though the specimen 
maintains this hardness upon tempering up to nearly 
700° C., there is no evidence of an increase such as is so 
pronounced in the material hardened by the high tem- 


perature treatment. 
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INDENTIFICATION OF UNusUAL ELEMENTS IN STEEL 


Another problem to which we have given consider- 
able attention, in which the microscope plays a most 1m- 
portant role, is the identification of unusual elements in 
steel and their effect on physical properties as influenced 
by heat treatments. In steels designed for light armor 
containing zirconium, uranium, boron, or titanium, and 
other rare elements, examination of their microstructure 
showed that they could conveniently be divided into two 
classes, (1) those in which the added element acts as a 
“scavenger,” and (2) those in which the added element 
acts as a true alloying constituent. . 


Fig. 9.—The microstructure of steels containing zirconium and titanium. 
a. Thread-like segregate of square inclusions in a 14" plate, as rolled. 
Some of the square inclusions are yellow while others are orange pink. 
The steel contains 0.13 per cent. zirconium and 0.14 per cent. titanium. 
Not etched; magnification, x500. Composition: C 0.43%, Si 1.09%, Mn - 
0.87%, Ni 2.0%, Ti 0.14%, Zr 0.13%. b. The microstructure of cast steel 
containing zirconium. The steel contains 0.11 per cent. zirconium and 0.12 
per cent titanium, the small square inclusions are bright yellow in color. 
Etching, 2 per cent. nitric acid in alcohol; magnification, x500. Composi- 
tion: C 0.46%, Si 0.87%, Mn 0.78%, Ni none, Ti 0.12%, Zr 0.11% 


As studied by Mr. S. Epstein the microstructure of 
the steels containing zirconium and titanium are very 
similar, Fig. 9. In both are found small square in- 
clusions, yellow for zirconium and orange pink for 
titanium, not clearly visible at magnifications lower than 
500 diameters. The presence of these elements does not 
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otherwise appear to affect the microstructure. These 
elements also come together to form tiny segregates of 
the square inclusions throughout the ingot. These 


Fig. 10.—The microstructure of steels containing boron and of steel con- 
taining uranium. a. Circular and elongated particles of boron compound 
in quenched and tempered steel containing boron. These particles remain 
pure white under the action of 2 per cent. nitric acid, but etch dark in 
sodium picrate. The steel contains 0.10 per cent. boron. Etching, 2 per 
cent. nitric acid in alcohol; magnification, x500. Chemical composition: 
C 0.69%, Si 0.36%, Mn 0.50%, Ni 2.90%, B 0.10%. b. Eutectic in steel 
ingot containing boron. This eutectic is pink in color in the unetched 
state. In sodium picrate it etches dark. The steel contains 0.49 per cent. 
boron. Etching, hot alkaline sodium picrate. Magnification, x500. Chem- 
ical composition: C 0.16%, Si 132%, Mn 0.64%, Ni 282%, B 049%. 
ec. Martensite and troostite in normalized specimen of steel containing 
uranium. The steel contains 0.52 per cent. uranium. The specimen was 
heated to 800° C. and cooled in air. Etching, 2 per cent. nitric acid in 
alcohol. Magnification, x500. Chemical composition: C 0.63%, Si 1.20%, 
Mn 0.84%, Ni 3.01%, U 0.52% 
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segregates when rolled out appear as thin red-like 
streaks. Very few of the square inclusions are found 
outside of the segregates and streaks. 

Unlike zirconium and titanium, uranium appears to 
enter into solution in the steel, that is, it is a true alloy- 
ing addition. In the normalized specimens a distinct 
martensitic and troostitic pattern is present, which is 
undoubtedly due to the presence of the uranium in solid 
solution as otherwise the structure would consist of 
granular pearlite and ferrite (Fig. 10c). 

Boron acts still differently and appears to combine 
with the carbon, forming a complex carbide which exists 
in the form of a low melting eutectic. In rolling ingots 
containing boron up to 0.6 per cent., it was found that if 
they were heated to the temperatures ordinarily used for 
rolling steels it was impossible to work them. The ingots 
broke in the rolls while one even fell apart as it was being 
removed from the furnace. At a lower temperature, 
however, 850° C., they were worked successfully. 
Microscopic examination indicated that the eutectie, 
probably that of an iron-boron-carbide compound with 
iron (Fig. 10a, 10b), is fusible at ordinary rolling 
temperatures. 


BEHAVIOR oF ETCHING REAGENTS 


Among other lines along which important advances 
in the microscopic study of metals may be expected, we 
may mention the systematic study of etching reagents. 
Most of the work in this field has been carried out 
hitherto empirically; but a beginning has been made at 
the Bureau of Standards to develop the subject ration- _ 
ally and an investigation of etching reagents suitable for 
copper has just been completed by Mr. Rawdon and 
Miss Lorentz in which it is shown that, as might have 
been anticipated, there are certain general laws under- 
lying the behavior of all etching reagents; that in the 
case of copper, for example, it is necessary to have sim- 
ultaneously an oxidizing action and a dissolving action. 
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Thus, many solutions which have but a very slight etch- 
ing action upon copper may be made to etch readily by 
passing oxygen through them, but solutions which have 
no solvent action upon copper cannot be made to etch 
the metal by the addition of oxygen. 


THE Microscore SUPPLEMENTED BY PHYSICAL 
MetTHops 


As an illustration of the way in which microscopic 
examination may be supplemented and even in certain 
cases supplanted by other physical methods, such as 
magnetic and thermal, in the study of the heat treatment 
of steel and the identification of constituents, we may 
instance the transformations accompanying the heating 
of thoroughly hardened or martensitic steels. On heat- 
ing a martensitic one per cent. carbon steel, an evolution 
of heat is observed increasing progressively from about 
165° C. to a maximum at about 270° C. and ending 
abruptly at 290° C. for a moderate rate of heating. This 
is of course the consummation of the transformation 
suppressed by quenching. By a study of the effect of 
rate of heating it is found that for a very slow rate the 
transformation starts at 155° C., reaches a maximum at 
250° C. and ends at 260° C., which temperatures repre- 
sent the progress of the change under normal tempering 
conditions, say 30 minutes for a small specimen (Figs. 
lla and 11b). 

The remarkable feature of this phenomenon is that it 
is not accompanied by a correspondingly abrupt change 
in microstructure and the progress of the change can 
only be very roughly estimated by microscopic means. 
On the other hand, it appears to be directly related to 
the changes in certain magnetic characteristics such as 
maximum induction and coercive force (Fig. 12). These 
experiments lead to the possible establishment of a very 
important point, namely the natural boundary between 
martensite and troostite upon tempering. Both thermal 
analysis and magnetic analysis furnish a means for its 
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Fig. 1la.—Curves of hardened carbon steel: C 0.95%, Mn 0.22%, Si 0.24%. 
Heating curves of oil-quenched specimens weighing about 2 grams, tempered 
for 30 minutes at the temperatures shown on curves. Transformation 

practically complete after tempering at 230° C., ; 
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Fig. 11b.—Curves of hardened carbon steel, same as Fig. lla., tempered for 

5, 30 and 60 minutes at 200° C. and at 230° C. Increasing the time has 

approximately the same effect as raising the tempering temperature. Com- 
pare 60 minutes at 200° C. with 5 minutes at 230° C. 
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Fig. 12.—This shows change in maximum induction for a hardened eutectoid 
steel. The maximum change occurs in the neighborhood of 250°C, the 
temperature of the maximum thermal change for any slow rate of heat- 

ing (See Fig. 11). 
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exact quantitative location if the apparent definition of 
these constituents be accepted. 

Thermal analysis indicates that under the conditions 
of tempering this change is practically independent of 
carbon content or quenching temperature in carbon 
steels. The effect of alloying elements on the heat 
evolution is however very significant. The following 
tentative results as obtained by Mr. H. Scott may be 
stated; nickel and tungsten appear to have no appreci- 
able effect on the position and intensity of the trans- 
formation for a given carbon content. Manganese in- 
creases the intensity but not the temperature of the heat 
evolution, a moderate addition of manganese acting the 
same as an increase of carbon. Silicon and chromium 
raise considerably the temperature of the transforma- 
tion. 

The interpretation of such data is expected to in- 
crease our very limited knowledge of the constitution 
and fundamental characteristics of the alloy steels and 
explain anomalies which at present confuse the metal- 
lographist. 

~~ In the preparation of the data for this discussion the 
author has been aided by several of his associates and he 
takes great pleasure in expressing his thanks to Messrs. 
Rawdon, Scott, French and Epstein. 


Vicr-PResieNt Toprrine: Time is passing rapidly. 
I think it will be necessary for us to abbreviate the fol- 
lowing papers as much as we can. If the speakers 
feature the subjects so as to abbreviate, it will facilitate 
the discussion which should follow and give the other 
members a better opportunity. . 

The next paper is entitled “A Method of Producing 
Pipeless Rolled Products from Annular Blooms,” by 
C. A. Witter, Provident Engineering Company; Phila- 
delphia. 


A METHOD OF PRODUCING PIPELESS ROLLED 
PRODUCTS FROM ANNULAR BLOOMS 


C. A. WITTER 


Provident Engineering Company, Philadelphia, Pa. 


In this paper I describe in general a new method 
of rolling lineal products, such as rails, blooms, billets 
and bars, by which process it is possible, in a practical 
way, to produce products free from piping and segre- 
gation, which means that the longitudinal axis of the 
ingot is entirely eliminated from any point in the cross 
section of the finished material, at the same time increas- 
ing the yield from the ingot 15 to 20 per cent. over the 
present accepted methods, and producing a more homo- 
geneous product with an inherent physical structure 
superior to that now obtained. 

The process, as later described in detail, is a com- 
bination of existing proven practices involving the addi- 
tion of only one new and novel operation, which is 
purely mechanical, and has been developed as it would 
apply to large tonnage products, such as rails, blooms, 
etc. The brief description of the process given here is 
confined to its application to the manufacture of rails 
in particular, as being the solution of a serious problem 
which today confronts the rail manufacturer and rail- 
roads alike. 

You will admit, if we are to be guided by an inter- 
pretation of the revisions which have been applied to 
rail specifications over a period of years, that the prin- 
cipal chemical weakness of rails as at present manu- 
factured is due to the fact that the axis of the finished 
rail coincides with the longitudinal axis of the ingot, 
wherein are contained all the defects, such as piping, 
segregation, etc. The gradual increase specified in dis- 


card alone apparently has not fully overcome the 
trouble arising from this source. 
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As the ingot in most practices is never allowed to 
become cold, it is liable to be bled when going through 
the cogging rolls. This naturally destroys the physical 
structure of the center or vital part of the ingot, which 
is scrapped. Even though the ingot does not bleed, it~ 
does not signify that the structure is solid throughout 
its entire length, as the cogging operation can be nursed 
to a point that will not bleed the ingot, but there is 
still no proof to signify that the structure of the center 
of the ingot is not destroyed. The structure of the in- 
gots in the various progressive stages of manufacture 
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Fig. 1—Present method of produc- Fig. 2.—Proposed method of pro- 
ing rails ducing rails 


when going direct from open-hearth to soaking pit and 
cogging mill without permitting a permanent setting 
of the original ingot is only a theoretical conjecture, 
and may account for some of the present defects. 
While it is conceded that the piping itself can be largely 
eliminated with sufficient discard from the ingot, to fur- 
ther insure the elimination of the segregation would 
require a still greater discard, making it commercially 
prohibitive. 

Fig. 1 shows roughly the progressive steps involved 
in the present process of manufacture from the ingot 
to the finished rail, as approved by the leading trunk 
lines and adopted by the various mills. This cut shows 
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the conventional type of rectangular ingot, which can 
be of any approved shape or size, depending on the 
section of rail to be rolled and the number of multiple 
lengths to be obtained from one ingot. Losses are also 
shown on the basis of a gross yield of 70 per cent. of 
the ingot in finished rail product, as obtained under the 
present method of manufacture. To produce 1,000 
tons of finished rails would require 1,430 tons of ingots. 

Fig. 2 shows the progressive steps involved in the 
manufacture of pipeless rails by the method herein de- 
scribed. The idea of eliminating the center, or longi- 
tudinal axis, of the ingot from the cross-section of the 
finished product suggested this process. There is 
shown an ingot such as would be used, which is similar 
to that which has been so successfully used in the past 
ten years for rolled steel wheels, tires, and other annu- 
lar products. The manufacture of this type of ingot 
is described in detail in a paper by Mr. Lawford H. Fry 
of the Standard Steel Works Company, presented to 
this Institute at the meeting in October, 1919, under the 
title of “The Manufacture of Ingots for Locomotive 
Tires and Rolled Wheels.” 

After the ingot has been poured, it would be allowed 
to cool, then reheated thoroughly in a continuous fur- 
nace. The reheating accounts for the 3 per cent. loss 
shown on the margin. Or, the hot ingots could be used 
as at present; but to insure freedom from the oxidized 
top of the ingot appearing in any point of the rail we 
would use a punch of larger diameter than the diameter 
of the ingot. This would slightly increase the percent- 
age of loss in the punching, but would be offset, how- 
ever, by the reduction of the heating loss to about 114 
per cent. 

The ingot is then placed under a 10,000-ton hy- 
draulic press and bloomed to the desired width. <A hole 
is punched in the bloom in the same operation, remoy- 
ing piping and segregation, to the required size to per- 
mit the bloom being placed over the pressure roll of the 
blooming mill, which is of the same general type as that 


ie 
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used in rolling tires. The bloom is then rolled to the 
necessary diameter, to give the required thickness of 
bloom. oo 

The new and novel operation referred to consists 
in the cutting and straightening of the circular bloom. 
Two methods of performing this operation are described 
in detail later. The straightened bloom then goes di- 
rect to the finishing mill to produce the finished product. 

You will note I have shown the rolled bloom of 
square section. This naturally brings up the question 
of crops due to the variation in length of developed sur- 
face between the inside and outside diameters. This is 
overcome by using a bloom, the inner half section of 
which has sufficiently greater area, so that when the 
cross-section of the bloom is reduced to a square in the 
finishing mill, all surface measurements will be approxi- 
mately the same. 

The time cycle required for the forging, rolling and 
straightening operations would not be any more than is 
required on modern rail mills for producing the final 
size of bloom before going through the first shaping 
pass. By this process, there is accomplished in two 
operations what ordinarily requires the first eight to ten 
passes on a modern blooming mill, thereby making it 
practical to complete the forging and rolling operations 
in one heat, as is done at present. 

The process, however, applies with equal advantage 
to the special requirements of the automotive industry 
for alloy steels of the highest erade as used for crank- 
shafts, connecting rods, etc., also to tool steel as well 
as shell and other ordnance steel requirements. 

The advantages of the process as described are: 


1—Quality, which is accomplished by the elimina- 
tion of piping and segregation, insuring a homogeneous 
product both chemically and physically. 

9—An increased yield from the ingot. On the basis 
of 70 per cent. yield in accordance with the accepted 
practice of today, 1,480 tons of ingots produce 1,000 
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tons of rails. By the use of the method described, 
1,430 tons of ingots would yield at least 1,200 tons of 
rails—an increase of 200 tons. 

3—Better physical structure.’ A better physical 
structure is assured as the ingot receives work in both 
directions. 

Fig. 3 shows the method used in forming the bloom 
under a 10,000-ton press. You will note that both 
the bottom punch and the top die are cupped, which 
prevents the piping or segregation from spreading dur- 
ing the forging operation, and confines it in a double 
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Fig. 3.—Method of forming bloom under 10,000-ton press 
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convex disc form, as shown in the lower sketch, which 
shows the bloom with the cutting punch in position 
ready to remove the burr or punching. With this 
method of producing the bloom, the ingot is centered 
directly on top of the bottom punch, over which the 
ingot is forced down to the required width. 

The press is equipped with a bottom push-up cylin- 
der, which has a ram that extends through the center 
of the platen. This, after the bloom has been forged, 
is raised, which allows the sliding die to be placed under 
the bloom and gives it the necessary support while the 
cutting punch broaches 
the burr or punching. 
This, you will note, elim- 
inates the necessity of 
turning the bloom and 
punching from both 
sides. 

Fig. 4 shows one meth- 
od of splitting and 
straightening the circu- 
lar bloom on the mill im- 
mediately after rolling 
to size. The cutting is 
done with an adjustable 
swinging hot saw accom- 
modating any diameter 
of bloom, depending on whether the ingots were poured 
for single or multiple lengths. After the bloom has . 
been sawed, the pressure roll would be advanced ahead 
of center to guide the bloom through a pair of straight- 
ening rolls, from which it would pass direct to the finish- 
ing mill. 

Fig. 5 shows another method of straightening the 
circular bloom, a machine independent of the blooming 
mill, making it a separate operation, and would be the 
means of eliminating two operations in the circular 
blooming mill, thereby materially increasing its capacity. 
This could be either a motor-driven or a hydraulic ma- 
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Fig. 4.—Proposed method of straight- 
ening circular bloom 
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chine, and could be designed to operate either vertically 
or horizontally, the latter being preferable. The cir- 
cular bloom would be hot sawed on the blooming mill, 
as this operation would be possible while the pressure 
roll was being drawn back in position to remove the 
finished bloom from the box pass in the main roll, no 
time being lost thereby during the rolling operation. 
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Fig. 5.—Alternative method of straightening the circular bloom 


The blooms would then be transferred on a roller table 
direct to finishing mill. 

To further substantiate the claims which have been 
made, we are pleased to present a copy of a report on 
chemical and physical tests made by the Lackawanna 
Steel Company from the experimental rails which were 
rolled at their plant on April 1st, 1920. These rails 
were rolled from two 12”x12”x5’8” blooms, each bloom 
being made by the process described, for each of which 
was used a 23” diameter octagonal acid open-hearth 
ingot of the following analysis: Carbon .7 0, silicon .20, 
phosphorus ,042, manganese .56, sulphur .039, 
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The report which follows was submitted by the 
Metallurgical Department to the officials of the Lacka- 
wanna Steel Company, with whose permission this is 
submitted. 


Report oF LACKAWANNA STEEL Co. 


The following is a report on the rails rolled from 
the two blooms sent here by Mr. C. A. Witter of the 
Provident Engineering Company, Philadelphia, Pa. 

Rortine. These two blooms were approximately 
12’’x12’’x5’8”. They were charged in Pit 28, No. 1 Rail 
Mill, at 11.85 a. m., April 1st, 1920. The first bloom 
was rolled at 7.07 to 7.15; and the second at 7.16 to 7.23 
Pp, M., into Section 1,000 A. S. C. EK. Two rails were 
obtained from the first bloom, each 30 ft. long, and 
stamped 00012-A and 00012-B; also two rails from the 
second bloom, the first, stamped 00013-A, was 30 ft. 
long, and the second, stamped 00013-B, was 33 ft long. 
These rails are being held in the finishing end in the 
undrilled and unstraightened condition for further dis- 
position. 

Drop Tzsts. Standard drop tests were made with 
an 18-ft. drop on a piece cut from the top* of each bloom 
at the hot saw. The results were as follows: 

Deflection 
Rail Position Blow in inches Ductility Total 
00012 Head up 1.26 03, 038,04,05,05,04  .24 
2.18  06,07,08,08,07,06 42 
$40 11, 12, 18, 12, 08,07" "68 
3.92 14, 16,17, 15, 11,08 ~~ .81 
16, 17,18, Pi9t3,.12 0° 393 
Broke 17,18,18,17,18,12 95 
1.38 05,05, 05, 04,03,03 = .25 
2.36 07, 08,11,11,03,08 .53 
Brokewe 08, 1 lei 2y lay 13N08. 097/05 

Awnatysrs. Drillings from pieces of rail from the 

middle of each bloom gave results as follows, the drill- 


00013 Base up 
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can only refer to the surface location on the blooms as it relates to the 
same relative location in the ingot. 
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ings being from the upper corner of the head, and the 
junction of the head and web. 


ANALYSES 
Rail Position G; Mn. P. 5: Se Cu. 
00012 1 .670 55 051 O41 Average 
2 -705 54 052 O41 -206 22 
00013 1 .670 55 .050 0384 Average 
2 


.670 52 051 .036 .198 20. 


TeEnsiLE Tests from these same locations gave 
results as follows: 


Elastic Ultimate Elongation per Reduction of 


Rail Position Limit Stress cent.in 2” area per cent. 
00012 I 96,400 134,400 eC 20.6 

2 81,920 128,400 13.0 17.0 
00013 J 73,420 125,400 12.0 20.6 

2 89,410 128,400 12.0 20.6 


Fig. 6 shows the location on the rail from which the 
drillings for check analyses and tensile tests were taken. 
The appearance of the 
[ese : test pieces when broken is 
shown by the following 
cuts. 
Fig. 7 shows the condi- 
tion of the first test piece 
when broken on the sixth 


blow. 
Fig. 8 shows the condi- 
aan tion of the second test 


SREETION O08 HF SiG B* 


piece when broken on the 
third blow. After the 
- second blow this piece 
which drillings “and test pienea “tm opened up in the base, the 
taken break extending through 

to one side of the web in 

an irregular tear. On the third blow the piece broke. 
The appearance of this drop test piece is shown in the 
two accompanying photographs. Both pieces show a 


very clean fracture, with no sign of segregation or in- 
terior defect. 
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Fig. 9 shows the nature of the break in the base of 
the second rail tested. 

Fig. 10 shows a sulphur print taken of a rail from 
the middle of the first bloom rolled 
__ Fig. 11 shows a sulphur print taken from the mid- 
dle of the second bloom. These photographs show the 
steel to be very uniform. 

Fig. 12 shows an etching taken from the finished 
rail, the section of which was highly polished. ‘The 


Fig. 7—Showing condition of rail 00012 when broken on the sixth blow 


piece was held in a hot solution of three parts sulphuric 
acid, one part hydrochloric acid, and nine parts water 
for a period of 15 minutes. 

Fig. 13 shows an etching taken from a smooth- 
machined section, but not polished. ‘This etching was 
made in the same manner and at the same time as the 
previous cut shown. 

The blooms when straightened were not marked to 
show which surface of the rail came from the outside 
of the ingot. This neglect in itself has been the founda- 
tion for the most interesting development to date, in 
that it has been impossible to show or trace, by numer- 
ous check analyses from which surface of the bloom the 


head of rails was formed. 
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Fig. 9.—Showing nature of break in the base of rail 00013 
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Fig. 14 shows a table of eight check analyses taken — 
from a section of rail from each bloom. You will note 
the very high degree of uniformity shown by these 
analyses. 

The blooms also were not put through the de-seam- 
ing machine used in their standard rail practice at Lack- 
awanna. 

When it is considered that only a 7” diameter cupped 
punch was used for removing the piping and segrega-. 
tion from the 23” diameter ingots used in making these 


rails, it makes the results obtained all the more remark- 
able. 


Fig. 12 Fig. 13 
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Fig. 15 shows a proposed layout such as would be 
required for the preliminary operations up to and in- 
cluding the straightening of the bloom. Roughly, the 
main bay comprises four double-neck heating furnaces 
of the continuous type, which are served by two floor- 
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Fig. 14.—Check analyses taken 
from a section of rail from each 
bloom Fig. 15.—Proposed lay-out of plant 


a Fina Dike 


type manipulators, which transfer the ingots from the 
furnaces to the 10,000-ton press. The press is equipped 
with sliding die base, which is fitted with three separate 
punches, on which the operations are alternated, allow- 
ing sufficient time for cooling. . 

The bloom when punched is carried by a transfer 
table to the adjacent bay of the building, where it is 
placed by another manipulator on the circular blooming 
mill, hot sawed, and transferred by manipulator to the 
straightening press. After straightening, the billet is 
carried on the transfer table to a three-high finishing or 
continuous mill, which could be part of any present 
installation. 

In closing, I desire to herewith extend my thanks to 
the officials of the Standard Steel Works Company and 
the Lackawanna Steel Company for their assistance in 
this development. 


A METHOD OF PRODUCING PIPELESS ROLLED 
PRODUCTS FROM ANNULAR BLOOMS 


DISCUSSION BY THOMAS H. MATHIAS 


General Superintendent, Lackawanna Steel Company, Lackawanna, N. Y. 


In discussing Mr. Witter’s paper, I will do so from 
the viewpoint of manufacturing rails, using his process 
of the annular method of making blooms. 

While in Belgium in 1912 at John Cockerill’s 
Works, I witnessed such an operation consisting of 
forging down an octagonal ingot about 25” high by 20” 
diameter. This was forged under a ten-ton hammer 
into a blank of pancake shape, the center of which was 
punched out. This operation required about 40 sec- 
onds. ‘This flat shape was then taken over to the tire 
mill and rolled into a large diameter locomotive tire, 
which consumed about one minute of time. After this 
locomotive tire became cold, it was taken to a turning 
lathe and the entire surface was machined all over. 

From this point is where the development of the 
Witter process begins, as he has been able to see 
whereby the cutting of this circular flat piece of steel 
from the outer circle to the inner circle at any given 
point and straightening out into a straight bar suitable 
for rolling, would produce a bloom that could later be 
rolled into rails. — ai 

Two blooms of a 12”’x12” dimension made in the 
manner described above were rolled at the Lackawanna 
Steel Company for Mr. Witter, who had them shipped 
+n, The surfaces of these blooms showed that they 
were hammered or pressed after being cut away from 
the circular shape. This forging evidently had a good 
effect on the surfaces, as apparently they were clean. 
How the surfaces of an ingot hammered down would 
look under inspection before being put upon the tire 
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rim mill, I do not know, but it is my impression that 
they would show many fractures. These of course 
would be closed up to a considerable extent on the tire 


rim mill, due to the rolling action that they would 


receive. 

I fail to see where rails made by this process would 
be any better than rails that are being manufactured to- 
day. Rail failures are practically nil from pipes or 
segregation. Most failures are shown to occur from 
surface defects known as seams and transverse fissures. 


(d) 
Fig. 1—Etched sections from base of rails rolled from Witter process 
blooms. (a) Base of rail from top of bloom No. 1. (b) Base of rail from 
middle of bloom No. 1. (c) Base of rail from top of bloom No. 2. 
(d) Base of rail from bottom of bloom No. 2. 
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Deep etching tests of samples of rails rolled from 
the Witter process bloom show very seamy surfaces, as 
may be seen from the photographs reproduced in Fig. 1 
(a) to (d) inclusive. This is evidence that this method of 
producing blooms does not remove the seamy condition 
and would still require the addition of the Lackawanna 
Steel Company’s method of de-seaming rails to give a 
product free from this defect or to make a rail superior 
to those produced today. 

In regard to transverse fissures, one of our greatest 
authorities is Mr. James E. Howard of the Interstate 
Commerce Commission, of Washington, who states that 
transverse fissures are really detail fractures or fatigue 
fractures caused by the conditions of service in the rail- 
road tracks. This opinion he has shown and main- 
tained in considerable detail in many reports dealing 
with rail failures in many sections of the country, ever 
since the first instance of such failures on the Lehigh 
Valley Railroad years ago, which he was the one to 
investigate. 

; This means that the solution of transverse fissures 

should not be left wholly to the steel maker and the 
rolling mill men, but must be attacked by the rail user 
as well. 

The commercial side of an installation such as would 
be required to manufacture rails by the Witter process 
would involve in existing plants a sum of money equal 
to approximately $2,000,000 on a basis of $1,000,000 
loss on the dismantling of such blooming equipment as 
is now used and replacing it with forging units and rim 
units costing at least $1,000,000. To insure an opera- 
tion of 1,200 tons per turn of 12 hours would require 
three forging machines and three rim machines to pro- 
duce this amount of tonnage. 

If enough money were spent in design and installa- 
tion of proper units, it would be feasible to produce 
blooms by the annular process at a cost equal to the 
blooming process as now used. 


METHOD OF PRODUCING PIPELESS ROLLED 
PRODUCTS FROM ANNULAR BLOOMS 


DISCUSSION BY WILLIAM H. MorGAN 
President, The Morgan Engineering Co., Alliance, Ohio ; 


It is obvious to any metallurgist after reading Mr. 
Witter’s paper that this process should and will produce 
far better product than is now being produced by the old 
method of casting ingots, then discarding thirty-three 
and a third per cent. of the bloom, then re-rolling by 
present methods. It is clear that in punching out the 
center of the bloom, as proposed by Mr. Witter, the 
wastage is reduced to a minimum, and will result in 
practical elimination of the segregation and defects in 
the ingot due to cooling. The matter of rolling a cir- 
cular bloom is not a serious proposition. Neither is the 
matter of straightening out the bloom for the purpose 


of re-rolling into rails. Both of these matters are 


mechanically practicable. It seems to me the process is 
about as perfect as it can be made and is a great step 
toward making a uniform product, which means much 
in the way of safety in. railroad traffic. We have de- 
signed machinery for all steps of this work and from a 
mechanical standpoint we can say it is a simple process 


to produce the rails in the manner proposed by Mr. 
Witter. ; 


VicE-Presipent Torpina: The next paper is en- 
titled “The Acid Open-Hearth Process,” by Mr. 
B. HK. L. de Maré, Superintendent, Open-Hearth De- 


partment, Midvale Steel and Ordnance Company, 
Philadelphia, Pa. 
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THE ACID OPEN-HEARTH PROCESS 
BALTZAR E. L. DE MARE 


Superintendent, Open-Hearth Department, Nicetown Works, Midvale 
Steel and Ordnance Company, Philadelphia, Pa. 


In presenting this paper on the acid open-hearth 
process, my aim has been to confine myself to the prac- 
tice as carried out in the open-hearth department of the 
Nicetown plant of the Midvale Steel and Ordnance 
Company and to state the conditions which experience 
there has shown to be most conducive to the successful 
manufacture of high-grade acid open-hearth steel. 

Before going any further, permit me to explain what 
is meant by the expression “high-grade” steel. In a 
broad sense, any steel, which in a perfectly satisfactory 
manner serves the purpose for which it is intended, may 
be considered high-grade. In the more narrow sense,how- 
ever, in which it is here used, it may be defined as a steel 
which, to be accepted, must pass certain more than ordi- 
narily severe tests, where the margin between success 
and failure is so narrow, and the financial loss by fail- 
ure so great, that the steel maker is not only justified 
but compelled to leave nothing undone, which in any 
possible way may improve the quality of the steel, re- 
gardless of quantity or of any reasonable increase in 
its cost of manufacture, in order to insure a high per- 
centage of acceptance, when the steel is finally submit- 
ted to the test. 

The more important products of acid open-hearth 
steel, manufactured by Midvale, are as follows: 


1. Armor-piercing projectiles. 

2. Gun forgings, especially of large caliber. 

3. Large or intricate forgings, such as marine crank 
shafts and connecting rods, bucket wheels and 
pinion shafts for steam turbines, and other 


192 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


forgings in which transverse strength is re- 
quired. 

4. Forgings which require a hard and polished sur- 
face without flaw or blemish, such as hardened 
rolls. 

5. Special grades of bar steel. 

6. Locomotive and car-wheel tires. 


The order in which the above classes have been enu- 
merated may be considered as indicating the relative 
severity of the acceptance tests they have to pass and, 
therefore, the relative degree of quality required, the 
armor-piercing projectiles requiring the highest qual- 
ity, with gun forgings a close second, and so on. 

The test required for the acceptance of projectiles 
is as follows: from each lot of 500 projectiles four 
are selected to be fired against a face-hardened armor 
plate at a certain velocity and angle of impact, of which 
two must pass through the plate and remain in effective 
bursting condition. Should this test be a failure, four. 
more projectiles may be selected and fired, of which 
three must pass through the plate and remain in effec- 
tive bursting condition. In the case of 16” shells the 
cost to the contractor of this second test would be about 
$20,000. Should it fail, the whole lot of 500 projectiles 
may be condemned, or the contractor may be permitted 
to re-treat it and resubmit it as a new lot, which would 
entail an extra expense of approximately $100,000. It 
is thus evident that every possible attention must be paid 
to the quality of this steel in order to avoid great finan- 
cial loss as well as loss in reputation. 

The chief test for acceptance of gun forgings is 
on tangential test bars taken from the breech and muz- 
zle ends of the rough-machined forgings. As specified, 
these shall be located with their axes in planes perpen- 
dicular to the major axis of the forging, and also with 
their axes perpendicular to the radii, which pass through 
the middle points of the lengths of the bars, and for 
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larger gun forgings are to be taken one from the outer, 
two from the middle, and one from the inner section 
of wall at each end of the forging. The contractor will 
be allowed three official tests only. Where the test 
specimens fail to meet the requirements on the third 
submission, the piece shall be finally rejected, with cer- 
tain exceptions. 

The minimum physical qualities of nickel steel gun 
forgings of three-inch caliber and above are as follows: 


Tensile Elastic 
strength, limit, ' 
Ibs. per Ibs. per Elonga- Con- 
sq. in. sq. in. tion traction 
Tubes and liners.. 90,000 55,000 18% 30% 
aewete 6 .i.'s 84.4 90,000 60,000 18% 30% 
Moogar cs 0c hs: 95,000 65,000 18% 30% 


Other causes for rejection of gun forgings are 
ghost-lines, where careful examination shows any lack 
of continuity of the metal, slag-pockets and sand-splits, 
or cavities containing particles of slag, etc., if in the 
opinion of the inspector they are serious enough. Bear- 
ing in mind that the present standard 16" 50-caliber 
Navy rifle is built up of forgings made from ingots up 
to'63” octagon in section and 200,000 Ibs. in weight, the 
importance of taking every possible care to avoid de- 
fects liable to cause their rejection may be appreciated. 

What has been said of gun forgings applies in 
greater or less degree to the forgings mentioned in class 
3, especially where transverse strength is required, as 
determined by transverse or tangential test bars. 

As regards the fourth class, such as hardened rolls, 
the difficulty with them is that after having been forged, 
annealed, machined, hardened, ground and polished, if 
then a careful inspection should reveal any imperfec- 
tion in the polished surface, such as a small oxide or 
slag spot hardly visible to the naked eye, this would 
condemn the roll as being unfit for its purpose. 

In the remaining two classes, No. 5, special grades 
of bar steel and No. 6, locomotive and car-wheel tires, 
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we approach the borderland where the acid and basic 
open-hearths compete, and where, except in a few cases, 
it is largely a matter of cost which one is to be pre- 
ferred, bearing in mind, however, that even in these 
classes, as far as quality is concerned, the acid product 
is superior to the basic, and therefore should command 
a higher price. 


SUPERIORITY OF ACID OPEN-HEARTH STEEL 


What is the reason then for the superiority of acid 
over basic open-hearth steel for the classes of steel prod- 
ucts just mentioned? That it actually is superior, espe- 
cially for any forgings depending on transverse test 
bars for their acceptance, has been repeatedly proven, 
not only by our own experience, but by that of many 
others in this country as well as in England and France. 
Every attempt, for instance, to make heavy ordnance of 
basic open-hearth steel has from all accounts resulted 
in nothing but failure. 

The reason for this is that the quality of the steel 
is measured by its freedom from oxides, and that acid 
open-hearth steel is more free from these oxides than 
basic steel, because acid open-hearth slag is more effec- 
tive than basic slag by its reactions with the steel to 
deoxidize it. Of course there is no open-hearth steel, 
acid or basic, absolutely free from oxides, nor is there 
any other steel, no matter by what process made, which 
under the microscope does not show oxide spots. 'There- 
fore, oxidation is only a matter of degree, and the vari- 
ous processes overlap, so that a badly melted steel, by 
whatever process produced, may be worse than a well 
melted steel produced by any of the other processes. 
Consequently, when the claim is made that acid open- 
hearth steel is better than basic, this holds good only in 
so far as full advantage has been taken of the fact just 
mentioned in regard to acid slag as compared with basic 
slag. 


The effect on the ingot metal of this difference in’ 
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the degree of oxidation may be shown by the following . 
facts: 

1. The amount of’ deoxidizing finals, just sufficient 
to produce an acid ingot free from blow-holes, is not 
sufficient to make a basic ingot of similar composition — 
solid, but will leave it decidedly blowy. For instance 
tire ingots, which are sliced in lathes into several blocks, 
and where therefore any lack of solidity in the ingot 
would be discovered, as the blocks are always carefully 
inspected for just such a defect, have proven beyond 
doubt that basic tire ingots are much more liable to be 
blowy than acid, and that it is absolutely necessary to 
add more deoxidizing finals to basic than to acid heats, 
in order to make basic ingots as free from blow-holes 
as acid ingots. This proves that basic steel is more 
oxidized than acid steel. Consequently, the greater 
amount of finals required for deoxidizing the basic steel, 
reacting with the greater amount of oxides in the steel, 
will produce a greater amount of the non-metallic im- 
purities resulting from this reaction, chiefly silicates of 
manganese. 

2. The ingot crystals of basic steel as shown by tire- 
ingots, as well as by numerous experiments with other 
grades of steel, are much larger than those of acid steel, 
_ poured under the same conditions. For this reason and 

also because basic steel is more oxidized than acid steel, 
the finely divided oxides, still retained by the crystalliz- 
ing steel and to a greater or less degree expelled by the 
growing crystals into the inter-crystalline space, will thus 
form in the basic ingot a honeycomb of non-metallic 
impurities much more serious than in the acid ingot. 
The ferrite envelope surrounding the ingot grain, which 
marks the inter-crystalline space as the ingot is cooled 
down, will also be far more distinct in size and outline 
in the basic ingot and harder to break up by subsequent 
forging and heat treatment, but even if this be eventu- 
ally done, the non-metallic impurities will still remain 
and seriously affect the quality of the steel. 
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3. To bring out additional evidence as to the effect 
of ingot impurities on the internal structure of the ingot, 
a longitudinal cross section may now be finished-ma- 
chined and etched. Asa result, there will appear certain 
dark lines symmetrically disposed on either side of the 
center line, and running in an oblique direction inwards 
and upwards. These lines are the paths taken by metallic 
segregations high in phosphorus and sulphur, mixed 
with silicates and sulphides of manganese, resulting 
from the reactions in the steel after it has been poured 
into the mold. ‘These impurities remain fluid during 
the time of crystallization, part of them becoming en- 
tangled among the ingrowing crystals, while the rest are 
driven inwards by the solidifying shell, and upwards on 
account of being lighter than the surrounding mother 
metal, and as they progress toward the center and top 
of the ingot, they coalesce into larger and larger globules 
and increase more and more in number. They may later 
be identified in the forging made from the ingot, the 
metallic segregations high in phosphorus and sulphur 
as “ghost-lines,” especially in the bore of hollow forg- 
ings, and the silicates of manganese as “slag-pockets” or 
“sand-splits” in the machined forging, and also as 
streaks of “slag” across transverse test bars. 

The composition of the “ghost-lines” was determined 
at Midvale some years ago by slicing a transverse section 
off the end of a large hollow forging, made from an 
ingot which had been cast in a sand-lined mold and 
which, therefore, had a great many well defined “ghost- 
lines” in the bore. On etching this section, the “ghost- 
lines” were plainly seen as bright spots, increasing in 
number from the outside to the bore. These spots were 
drilled with a 3/32” drill, and the drillings, as well as the 
surrounding metal, analyzed with the following result: 


Percentage of elements stated 
C. Mn. P, S. Si. 
Ghost-lines.. saad. s> A97 1.026 .082 116 .268 
Surrounding metal..... .498 894 030 047 .316 
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In regard to the silicate of manganese, opportunity 
was offered for its analysis by finding a large quantity 
that had escaped to the bottom of the shrinkage cavity 
in a 63” octagon ingot of basic steel, which had had the 
usual finals for this kind of steel of ferro-manganese, 
ferro-silicon and aluminum. The lower part of this 
silicate was a yellow-blue solid enamel, while the upper 
part was very light and porous, and violet-blue and black 
in color. The compositions were as follows: - 


siO, MnO Al,O,; FeO 
ower part. ....°... 51.60 40.60 7.85 trace 
ReBper Vark. «. «> -% < 50.34 29.94 18.90 trace 


The defects in the steel, resulting from these lines 
of ingot impurities, will be necessarily more serious in 
basic than in acid steel, especially in regard to the oxides. 

The much less serious effect of the segregations high 
in phosphorus and sulphur, which are the cause of 
“‘shost-lines,” may be modified in basic steel because of 
the fact that this, as a rule, is lower in phosphorus and 
sulphur than acid steel. 

Having explained what in my opinion are the de- 
fects caused by oxides on the internal structure of the 
ingot, and therefore the advantage of the acid open- 
hearth over the basic open-hearth in being able to pro- 
duce a steel more free from these oxides, permit me to 
take up in order: 

1. The proper design of the furnace for high-grade 

acid open-hearth steel. 

2. A comparison between producer gas and fuel oil 
for melting. 

3. An analytical description of the acid open-hearth 
process as carried out for the production of high-grade 
steel. 


Prover Destcn of Acip OreN-HEARTH FURNACES 


Two designs of open-hearth furnaces are shown, one 
as adapted for producer gas and the other for fuel oil. 
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The nominal capacity of each is fifty tons, although 
charges up to 140,000 lbs. may be melted. ‘There is 
nothing peculiar in the designs, as far as valves, flues, 
regenerative chambers or stacks are concerned, and these 
parts are therefore not shown. ‘The only unusual 
feature is the great height of the furnace roof over the 
door-sill level. This has been a gradual development, 
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and has been found advantageous on account of the high 
and long sustained temperature necessary to carry out 
the chemical reactions during the deoxidizing period of 
the process. The high roof provides a large combustion 
chamber, which permits a full and free development of 
the flame, and at the same time avoids damage by the 
intense heat to the roof and walls of the hearth. Even 
so, it is advisable with a new furnace to keep it working 


ee a eee Ss ae se eee; 


he Did De PE i ie si 


=r” 


THE ACID OPEN-HEARTH PROCESS—DE MARE 199 


a few weeks on the less exacting grades of steel, such as 
tires and bar steel, before turning it over on the higher 
grades, as not even the best quality of silica brick will 
stand at the beginning the high temperature required 
for these grades. Towards the end of its life, the fur- 
nace as a general rule has again to be put back on lower 
grades of steel, as on account of impaired condition of 


50-Ton Acip Open Hearty FuRNACE 
For Fuew Oi. 
Mipvace STEEL & ORDNANCE Co. 
NicetTowNn Works. 


PHILADELPHIA. 


Fig. 2.—Design of open-hearth furnace adapted to use of fuel oil 


checkers and draught, it is no longer sharp enough for 
making high-grade steel. 

No water-cooled devices of any kind are used in the 
walls, roof or ports of the furnace, as it has been found 
as a result of many trials, that even when used to a very 
limited extent, their cooling effect interferes with the 
sharp working of the furnace. The only water-cooled 
parts used are the charging doors, as they are far enough 
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removed from the interior not to have a noticeable effect 
on the heat. 

It may be of interest to give here a comparison be- 
tween the life of acid and basic open-hearth furnaces, 
when melting with producer gas as well as with fuel 
oil, as measured by the average number of months from 
the time of charging the first heat after a general repair 
until the time of tapping the last heat before the next 
general repair. The average number of months is given, 
rather than the average number of heats, on account of 
the great variety of heats made, some requiring twice as 
long a time as others, and is based on our records for the 
last five years. 


Average life of open-hearth furnaces 
Basic furnaces on producer gas... 9.1 months 
Basic furnaces on fuel oil........ 10.7 ae 
Acid furnaces on producer gas. ..11.2 
Acid furnaces on fuel oil......... 12.6 4 


CoMPARISON OF Propucer Gas anp Fur. On. 


Not much time needs to be taken for the comparison 
between the two kinds of fuel, producer gas and oil, 
available for melting. Just as good steel can be made 
with one as with the other. Oil is more oxidizing than 
gas, and therefore requires a greater proportion of pig 
iron in the first charge and a higher temperature after 
the heat is melted to settle up the metal. On the other 
hand, oil cuts down the repair cost, requires fewer men 
per furnace, increases the production, permits better 
control of temperature, and extends that part of the life 
of the furnace which is available for making high-grade 
steel almost to the very end, as the direction of its flame 
is controlled from the outside, and it is less affected by 
the condition of checkers and draught for generating a 
high temperature. 

Everything considered, oil is therefore much to be 
preferred, as long as its price is not prohibitive, 
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ANALYSIS oF Heat or Hiegu-Grave Acip STEEL 


Before going into the details of an analytical descrip- 
tion of a heat of high-grade acid open-hearth steel, per- 
mit me to state the salient points of this heat, as shown 
by its melting-order. The heat was made for steam 
turbine bucket wheels, which require tangential 
strength, and therefore their acceptance depends on 
_ physical properties as shown by tangential test bars. 
Hence high-grade acid open-hearth steel is _ used for 
their manufacture. 

It is a simple heat of plain carbon steel, and its 
treatment is typical of the class of steel to which it be- 
longs. ‘Though not especially selected for this analysis, 
it may be considered a good, clean heat, without un- 
nécessary complications, and is therefore suitable to 
illustrate the principles followed in the treatment of the 
highest grade of steel. 

The initial charge of 141,000 lbs., melted in a 50-ton 
acid furnace of the design shown, consisted of 35 per 
cent. of pig iron and 65 per cent. of scrap. The esti- 
mated carbon, manganese and silicon in the charge were 
C 1.72 per cent., Mn 1.74 per cent., Si 0.64 per cent. 
Time consumed for the heat in the furnace was as fol- 
lows: 


Time of charging (in two periods).. 1 hour 45 minutes 


ime of melting 222200... <v.5 es 5 50 
Time in furnace after melting....... yok galt 
Total time in furnace.......... 14“ 45 i 


The history of the heat, after the initial charge was 
~ melted, may be thus summarized: 


1 hour O minutes after melted—addition of 40016 limestone 


Che ie (@) “ __addition of 1000fb iron ore 
SS re “« __hbath thoroughly rabbled 

6aee —al0 < a « ___oi] and air shut off 

6 50 * 3 “ ___addition of 1015fb ferro-manga- 


nese 
ie oe 10 4 “ —heat tapped 
See 0 ro «« __heat poured off 
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The analysis of the go-ahead test, taken 1 hour and 
10 minutes before tapping, and the C, Mn and Si ob- 
tained from 1015 lbs. of ferro-manganese added 20 
minutes before tapping, are shown in the following 


table: 

C. Mn. Si, 
Analysis of go-ahead test.... .49 .27 .24 (judged by fracture) 
Addition of ferro-manganese. .05 .57 .01 


AR OGA LE Serer siento tbee ho oe 54 84 25 


The table below shows the chemical composition of 
the heat as aimed at, and as obtained: 


‘Composition C. Mn. Pp: S. Si. 
PAIMGEAMAL Scouse ate ok .50 165 = 050) 452050 «25 
Obtained J .4,...104 440 .68 .036 .038 27 


On account of the high percentage of Mn in the, 
initial charge, the slag remained greenish-yellow in 
color from the time the heat was melted, until it was 
tapped, with only slight variations in shade. The steel 
was poured into 23” octagon molds, nine ingots of ~ 
10,500 lbs., and three ingots of 11,400 lbs. in weight. 
The ingots, after cooling, were sent to the machine shop 
to be sliced into blocks, and these blocks were then 
forged under a steam hammer into bucket wheels for 
steam turbines. 

To facilitate the analytical description of this heat, 
a graphical analysis chart has been plotted and drawn, 
showing its chemistry from the time it was melted at 
2:50 4. mM. until it was tapped at 10.00 a. u. 

Kight breaking tests were taken at various times 
and poured into a standard test mold, about 2” deep by ~ 
2” wide by 6” long. These tests were broken and each 
fracture photographed as shown. At the same time 
other tests were taken, both of steel and slag, for chem- 
ical analysis. The steel tests were analyzed for C, Mn 
and Si, and, by plotting these determinations on-the 
“Analysis of Steel’ chart, curves were obtained showing 
the changes in these elements. 
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The slag tests were analyzed for SiO, MnO, FeO, 
Fe:O;, CaO, MgO, Cr:0:, and Al:Os:, but to avoid con- 
fusion, only the three’most important of these oxides, 
SiO:, MnO, and FeO, were plotted on the “Analysis of 
Slag” chart, to show the changes taking place in the 
composition of the slag during the progress of the heat. 
The full analysis of each slag test is given in the follow- 
ing table: 

Sracs From M. K. 13-126 
Si0g MnO FeO Fe 03 oe CroO2 ne MgO Total 


New 55.0 28.0 ° 11.1 1.4 3 6 100.4 
“2. 57.0 25.0 10.3 6 Ee 3 af 6 99.1 
Swope § 22,7 -11.0 Ay 3.9 2 8) 8 99.9 
et O07. 21-538" 10:5 2) 3.8 2 1.5 8 99.3 
Reotio2.2 18:7 12.7 1.0 2.5 2 1.5 ate 99°5 
“6 63.0 16.5 13.9 Af 2.5 2 1.5 5 99.0 
et oo.5 180 155 2.1 2.4 2 1.6 6 98.9 
“ 8 584 20.2 15.0 et 2.4 2 1.5 x5) 99.3 


Commencing with test No. 1, taken at 3.05 A. M., or 
15 minutes after the heat was melted, its analysis shows 
the oxidation of C, Mn and Si during the time of melt- 
ing, by comparing it with the estimated percentage of 
these three elements in the initial charge. C has dropped 
from 1.72 per cent. to 1.17 per cent., Mn from 1.74 per 
cent. to .21 per cent., and Si from .64 per cent. to .07 
per cent. A considerable percentage of Mn in the first 
charge is highly desirable, because by its oxidation dur- 
ing the melting it gives a clean slag, greenish-yellow in 
color, almost from the start. If the pig iron does not 
contain enough Mn, this deficit is made up for high- 
grade steel by the addition of ferro-manganese to the 
oal charge. A high percentage of both “Mn and Si is 
also desirable in the initial charge on account of- their 
oxidation being an exothermic reaction, facilitating the 
melting, and giving a bath hotter and less sluggish ith 
iron oxide, by the time the charge is melted. Both these 
elements oxidizing at a lower temperature than carbon, 
their oxidation, as far as it goes, is practically complete 
by the time the charge is fhélted: while the carbon is still 
comparatively high. 
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As far as the scrap used in the initial charge is con- 
cerned, there is nothing to prove that scrap from basic 
heats does not produce just as good acid steel as if scrap 
from acid heats were used. Heavy scrap, of course, is . 
better than light, and clean scrap better than rusty, but 
provided it is low enough in phosphorus and sulphur, by 
what metallurgical process it was produced does not 
seem to matter. 

Care is now necessary in the addition of iron ore for 
decarburizing the metal, as this is an endothermic re- 
action, absorbing heat and requiring a high degree of 
temperature for a vigorous reaction between the oxygen 
of the ore and the carbon of the steel. If the addition of 
ore is made too soon, or in too large a quantity, its 
chilling effect may so retard this reaction that when 
finally the high temperature required is reached, and the 
bath goes into a boil, this will carry the decarburization 
so far that by the time the bath is well settled up, the 
carbon in the steel will be too low for the carbon aimed at. 
This would necéssitate additions of spiegel and pig iron 
in order to recarburize the heat. Such a condition is ~ 
almost fatal to the production of high-grade steel, be- 
cause the lower the carbon in the go-ahead test as com- 
pared with the carbon aimed at, and therefore ‘the 
greater the addition of recarburizing finals, the greater 
will be the amount of silicate of manganese produced. 
This may quite likely lead later on to the condemnation 
of the forgings made from such a heat on account of 
“sand-splits” or “slag-enclosures”; or on account of 
transverse test bars failing in extension and contraction, 
due to streaks of “greenish slag” or “woody structure,” 
caused by these streaks; or in the case of projectiles, on 
account of cracks starting from small slag-enclosures 
during the hardening process, or on account of the pro- 
jectiles, selected for the firing test, breaking up in strik- 
ing the face-hardened armor on account of the weaken- 
ing effect of these concealed impurities. — 

Hence the reason for the note on the melting-order: 
“Add no ore until two hours after melted.” Except 
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steadily i mcreasing the temperature of the heat during 
these two hours, the only thing done was the addition 
of 400 lbs. of limestone one hour after’ the charge was 
melted. By displacing a certain amount of iron oxide 
in the slag, and making the slag more fluid, the lime- 
stone seems to put it in better condition for subsequent 
reactions, at least where there is a low ae a con- 
tent in the initial charge. 

This, however, is in my opinion the Lah time sehen 
addition of lime is of any value. If done later during 
the deoxidizing period of the heat, it will simply. undo 
all the good that has been done, because in replacing the 
FeO in the slag then, it will drive this into the steel to 
oxidize the silicon and manganese and make the bath 
again raw and unsettled. | 

At the end of these first two hours Test No: 2 was | 
taken. ‘This shows the oxidation of the earbon, slow 
at first on account of lack in temperature, now well 
under way. ‘There having been as yet no addition of 
iron ore, this oxidation is caused by the rust in the initial 
charge, by oxidation of the charge in melting and by the 
oxidizing effect of the flame itself. 

The higher temperature of the slag is also shown a 
by its slightly higher percentage of SiO». 

Test No. 3, taken 40 minutes after No. 2, shows the 
oxidation still going on at the same rate, due to the addi- © 
tion of 1,000 lbs. of iron ore during the interval. The 
only effect of this addition on the slag 1 is a slight in- 
crease in FeO, the SiO: continuing to rise and the MnO 
slowly decreasing by dilution with the SiO. taken up 
by the slag from the bottom along the slag line. 

Test No. 4, taken one hour and seven minutes after 
No. 3, shows the oxidizing period at anend. The SiO. 
in the slag has now gone up from 55.0 per cent., 15 min- 
utes after the heat was melted, to 60.7 per cent., while 
the two chief bases, MnO and FeO, have dr opped from 
a total of 39.1 per cent. to 31.8 per cent., in spite of the 
lower carbon in the steel.- But most marked, and show- 
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ing that the deoxidizing period has set in, is the increased 
percentage of Si in the steel, caused by the reaction be- 
tween the carbon of the steel and the SiO. of the 
slag, according to the formula 2C+Si0O.—Si+2CO. 
Whereas during the melting of the charge on account 
of the low temperature then prevailing the oxidation 
of Si was going on at a much greater rate than the oxi- 
dation of the carbon, with the steadily increasing tem- 
perature this oxidation of Si was first checked, then 
held, until finally a complete reversal has taken place, 
the high temperature now reached having so increased 
the affinity of carbon for oxygen that it is able to 
reduce Si out of SiO,, leaving the Si free, in its nas- 
cent and therefore most efficient state, to deoxidize the 
steel as shown by the increasing solidity and freedom 
from blow-holes of subsequent tests. This reaction is 
the essential point that accounts for the difference be-- 
tween acid and basic steel, and that makes acid steel 
superior to basic. 

What has just been said in regard to the effect of 
the increased temperature on the relative affinity of C 
and Si for oxygen is also shown to have taken place in 
the relative affinity of C and Mn for oxygen, the C 
now reducing Mn out of the MnO of the slag, the 
nascent Mn also assisting in the deoxidation of the steel. 
This manganese reaction, however, which also may take 
place in a basic open-hearth heat, is much less effective 
than Si in deoxidizing the steel, because the deoxidizing 
effect of Mn is much less than that of Si, the latter, 
according to Brinell, being 5.2 times more effective than 
the former. 

Test No. 5 shows the characteristic “worm holes” 
well developed from the increased absorption of Si, 
which has gone up to .28 per cent. The only thing done 
with the heat between Tests No. 4 and 5 was to give the 
bath a thorough rabbling with steel bars to facilitate the 
liberation of gas. Nothing else is now being done except 
to keep pushing the temperature higher and higher, and 
thus promote the reaction between C and SiQ.. 
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The reason why the carbon curve is still on a down- 
ward slope, in spite of the now well settled-up condition 
of the bath, is no longer the reaction between the iron 
oxide of the slag and the carbon of the steel, which 
occurred during the oxidizing period of the heat, but the 
reactions of the deoxidizing period between the carbon in 
the steel and the SiO. and the MnO of the slag, the Si 
and Mn, as previously explained, being constantly re- 
duced to act as carriers in deoxidizing the steel, while 
the CO resulting from this reaction bubbles slowly up 
through the slag. Assuming that when No. 5 test was 
taken the percentage of Si and Mn in the steel had been 
the same as when No. 8 test was taken, it may be shown 
by a simple calculation that the carbon in that case would 
have been about .67 per cent. instead of having dropped 
to .54 per cent., so that but for this later reaction of the 
deoxidizing period, the carbon line would have been 
almost horizontal. 

Test No. 6 shows the deoxidizing process almost 
complete, the “worm holes” of the previous test having 
been nearly obliterated by the steadily increasing per- 
centage of Si. The heat would now have been ready 
for the final addition of ferro-manganese, made just be- 
fore the tapping, except for the fact that the carbon, 
according to the first go-ahead test, was still a little too 
high, or .53 per cent. A second go-ahead test had 
therefore been taken out 10 minutes ahead of test No. 
6, and on this being reported as being down to .49 per 
cent. carbon, the ferro-manganese was added at 9.40 
A. M., and the heat tapped at 10.00 a. M., or 20 minutes 
later. 

Test No. 7, taken just before adding the ferro-man- 
ganese, is very little different in appearance from Test 
No. 6, while test No. 8, taken after the addition of 
ferro-manganese, and just before tapping the heat, is 
perfectly solid. The Si in this test analyzed .30 per 
cent., while the Si in the heat test, taken while pouring 
the steel into the molds, analyzed .27 per cent., which 
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shows that the Si in the steel, while still in the furnace, 
is higher in the stratum close to the slag, from which 
test No. 8 was taken, and where the reduction of Si 
from the slag is taking place, than the average Si of the 
whole mass of steel. 

Aluminum and titanium are never used for deoxidiz- 
ing steel in which transverse strength, as determined by 
transverse tests, is required, because the oxides of these 
elements have:a very baneful. effect on the physical 
' properties of such tests, even when used very sparingly. 

It is difficult to believe, but it is nevertheless a fact, that 
this effect.of aluminum, added to the ladle at the rate 
of-one pound of aluminum to 10,000 lbs. of steel, and 
the steel held 25 minutes before pouring, very likely will 
cause the condemnation on account of failing test bars 
of a gun forging made from this steel. 

There is one more point in regard to the chemistry - 
of this heat that requires an explanation. hat is the 

shutting off of the oil and air, which also implies the 
lowering of the stack-damper, one hour before tapping. 
. It may be noticed on the “Analysis of Steel” chart 
that this had no effect on the C, Mn and Si curves. 

On the “Analysis of Slag” chart, however, the result 
was a sudden drop in the SiO. curve, and a correspond- 
ing but less marked rise in the MnO and FeO curves. 

. This of course does not mean a loss of SiO: as far as the 

_ actual weight of this oxide in the slag is. concerned. 
What has occurred is an absorption by the slag of an 
additional amount of the two basic oxides, MnO and 
E'eO, from some source, thus making the slag less acid 
than it was before. 

The thermal effect was a very decided cooling of 
the slag, while on account of slag being a poor heat con- 
ductor the temperature of the steel underneath the slag 
was by comparison only slightly lowered. 

The reasoning which first led me to try this treatment 
with the point in view of still further deoxidizing the 
steel was as follows: ; 
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As the temperature of an acid heat rises, by degrees 
deoxidizing the bath through the reactions between the 
slag and the steel made possible by this rise in tempera- 
ture, a point is finally reached where this reaction has 
to be stopped, in order not to get the steel too high in 
Si. If at that point the furnace were suddenly cooled 
by shutting off the flame, the effect would be a sudden 
cooling of the slag, while the temperature of the steel, 
protected from radiation of heat by the blanket of slag, 
would be only slightly affected. This thermal change 
would have the effect on the slag of increasing its affin- 
ity for basic oxides. The only supply of these oxides 
then available would be the traces still retained by the 
steel, which would therefore to a greater or less degree 
be absorbed by the slag. On account of the weight of 
slag in a heat being only about 7 per cent., while the 
steel makes up about 93 per cent., or 13 times the weight 
of slag, a trace of oxides in the steel if absorbed by the 
slag would be quite a noticeable amount. 

‘This, I believe is the explanation of the change in 
the composition of the slag, resulting from shutting off 
oil and air before tapping. This treatment was first 
tried more than seventeen years ago, since which time 
it has been in continuous use, especially in the case of 
carbon and nickel steel for large ingots. 

The cooling effect on the steel, although slight com- 
pared with that on the slag, is also advantageous in 
order to lower the temperature for pouring large ingots, 
as otherwise the high temperature of the steel would 
make the ingots pull badly in forging. Yor this reason 
the steel is still further cooled by holding it from 20 to 
30 minutes in the ladle before starting to pour. 

This ends the difference in the treatment of acid 
from that of basic open-hearth steel. I only want to 
add, that though this treatment is simple enough, it 
requires great skill and good judgment on part of the - 
men in the shop, and that uniformly good results can 
be obtained only by careful and intelligent men after 
many years of training. 


THE ACID OPEN-HEARTH PROCESS 


DISCUSSION BY S. S. BALL 


Superintendent, Open-Hearth Department, Bethlehem Steel Co., 
Bethlehem, Pa. - 


Mr. de Maré’s very able presentation of the subject 
confirms my own observations of the acid open-hearth 
process as applied to high-grade steels. In the classifica- 
tion and arrangement as to severity of acceptance tests 
and degree of quality required, at Bethlehem, we would 
arrange these high-grade steels in classes as follows: 


Class I.—Torpedo air flasks, 

Class II.—Armor piercing projectiles, 
Class III.—Large caliber gun forgings, 
Class IV.—Hardened steel rolls, 


Class V.—Large and intricate forgings, such 
as marine crank shafts, propeller shafts, etc. 


SUPERIORITY OF ACID OVER Basic OpEN-HEARTH STEEL 


As stated by Mr. de Maré, it is an accepted fact that 
steel made by the acid open-hearth process is superior 
to that made by the basic open-hearth process. But 
there is a question in the minds of many whether it would 
not be possible to make steel by the latter process equal 
in quality to that made by the acid process. A like 
amount of time and study has not been spent in the de- 
velopment and perfection of basic practice. It is prob- 
able that if a basic furnace bottom could be built which 
would stand up as well as the acid furnace bottom, per- 
mitting long hours of slow refining at high temperatures, 
with careful conditioning of the slag, a basic steel equal 
in quality to acid steel could be produced. . 

Basic open-hearth steel as made by the present 
methods carries more oxides than acid open-hearth steel 
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and a larger amount of deoxidizers must be added to the 
former to prevent a “blowy” condition of the ingot. 

An experiment which demonstrated this fact clearly 
was tried at Bethlehem some years ago, and is confirmed 
by Mr. de Maré’s experience with blocks sliced from tire 
ingots. Test ingots 4’x4’x12” were cast in iron molds 
from each of twenty-five basic open-hearth and twenty- 
five acid open-hearth soft steel heats for steel castings. 
- These test ingots were nicked in the middle on two sides 
and broken so as to give a cross-sectional fracture. Pre- 
liminary experiments showed that the solidity of the test 
ingot was greatly affected by the temperature of the 
mold and the rate of pouring, a cold mold and a slow 
rate of pour being conducive to the formation of blow 
holes. 

Therefore, in the main experiment, which was to de- 
termine the amount of deoxidizers necessary to assure 
solid metal in steel castings, all test ingots were cast in 
cold molds at a relatively slow rate of pour. 

The conclusion arrived at, after an examination of 
the fractures of the test ingots from both the acid and 
basic heats, was that, for a 4x4” section chilled in an 
iron mold, there should be present a minimum of 0.28 
per cent. silicon for basic steel and 0.28 per cent. silicon 
for acid steel. ‘This, of course, applies to the particular 
grade of steel employed in this experiment. On the 
strength of this conclusion, it would seem that 0.35 per 
~ cent. silicon for basic steel and 0.30 per cent. silicon for 
acid steel should be sufficient to insure soundness in 
steel castings under normal conditions. 

This experiment is pertinent to the subject under 
discussion in that it shows that acid steel as it comes 
from the furnace contains less oxides than basic steel. 


FurNACE DESIGN 


In referring to the matter of furnace design, it might 
be well to emphasize the advantage and importance of 
carrying a very high furnace roof as pointed out by Mr. 
de Maré. This is especially advantageous for liquid fuels 
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such as oil and tar, and applies to basic furnace design 
as well as to acid furnace design, particularly where the 
furnace is short and of small capacity. 


COMPARISON OF FUELS 


Oil is by far a better fuel for the refining operation 
than either tar or producer gas, because the metal can 
be gotten to a higher temperature and kept in better 
control. Tar is a better and cheaper fuel than oil for 
melting down the charge, but cannot be used satis- 
factorily for refining, due to the highly oxidizing action 
resulting from the use of steam for atomizing. 


STEPS IN MANUFACTURE OF A Heat oF STEEL BY THE 
AcID OPEN-HEARTH PROCESS 


The furnace practice at Bethlehem is practically 
identical with the practice as described in detail by Mr. 
de Maré in the review of heat M. K. 13-126, and I am 
personally in hearty agreement with the theory which 
Mr. de Maré advances to support the importance of 
certain steps in the manufacture of this heat. 

In the use of limestone it has proved to be a very 
good practice to so work the heat that the steel will con- 
tain the desired amount of impregnated silicon about 
an hour before the carbon content has dropped low 
enough for the final additions, and then to stop the re- 
duction of silicon from the slag by the careful addition 
of limestone. A practical demonstration of the value 
of this step is shown by the “hot-spoon” test. If a test 
spoon is heated, slagged, and a sample of steel covered 
with slag drawn from the furnace, and the contents 
allowed to cool slowly and undisturbed, this sample 
when examined will show a beautiful, smooth surface, 
and an entire absence of “pot-marks,” or other indica- 
tions of the presence of gas in the steel. In such a sam- 
ple there cannot be any appreciable amount of FeO 
present. 

As stated by Mr. de Maré, it is bad practice to have 
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the decarburization proceed so fast that the carbon is 
lower than desired when the bath is finally well “set- 
tled.” In instances where too rapid decarburization has 
a tendency to occur, we have found it advisable to check — 
this action by additions of washed metal to the bath. 
Also, when, for some unavoidable reason the heat can 
not be tapped out at the proper time, it has been found 
that the steel suffers no ill effect if an addition of washed 
metal is made as a recarburizer before the fuel and air 
are shut off. Since washed metal is a combination of 
iron and carbon with very little phosphorus and sulphur, 
and no manganese nor silicon, its addition causes no 
reaction to take place in the bath unless the quantity 
added is such as to appreciably lower the temperature. 
of the bath. The time that it is allowed.in the furnace 
after the addition is made is sufficient to permit the ris- 
ing to the slag of any mechanically entrained impurities. 


REDUCTION oF SILIcoN From THE SLAG 


Some steel makers offer the opinion that Fe rather 
than C acts to reduce silicon from the slag.* In their 
opinion Fe must be a far more powerful reducing agent 
than C. It is present in great excess, and at high tem- 
peratures shows a great affinity for oxygen, as is clearly 
indicated by the heavy brown fumes of iron oxide which 
rise from the surface of very hot steel when it is ex-' 
posed to the air. It is an established fact that oxygen 
has a greater affinity for silicon than for carbon in the 
open-hearth furnace at ordinary temperatures. Tor 
carbon to reduce silica according to the equation 
Si0.+2C=Si+2CO this affinity would be reversed. 
Furthermore, a reduction of 0.07 per cent. silicon from 
the slag by carbon would entail a loss of 0.06 per cent. 
carbon from the metal. 

As a rule, however, analyses show that the loss in 
carbon is less than normal whenever there is a consid- 
 * Bg, B. Yaneske (Sheffield) in “Deoxidation and Influence of Time on 


Equilibrium in Acid Open-Hearth Furnace.” The Iron and Coal Trades 
Review, May 9, 1919, page 576. 
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erable gain in silicon in the metal. It therefore seems 
feasible to believe that the reduction of SiO. is brought 
about by Fe according to the equation SiO.+Fe=— 
FeSi-+-O:. ; 

The oxygen evolved as a result of this reaction 
would account for the characteristic “worm-holes” which 
are found in the test samples while the reduction is tak- 
ing place. By halting the reaction through the care- 
ful addition of limestone, the evolution of the oxygen 
can be stopped and a solid test piece obtained. 

' The practice of making acid open-hearth steel at 
Bethlehem is very similar to that as outlined by Mr. de 
Maré. The objective point, although arrived at some- 
what differently, is to have the steel thoroughly free of 
oxides before the final additions are made. 


VicE-PrEsIDENT Toprrne: The next discussion of - 
Mr. de Maré’s paper is by Mr. R. F. Flintermann, 
President, Michigan Steel Casting Company, Detroit, 
Michigan. ; 


THE ACID OPEN-HEARTH PROCESS 


DISCUSSION BY R. F. FLINTERMANN 
President, Michigan Steel Casting Co., Detroit, Mich. 


You have just had the privilege of listening to a 
most interesting paper. ‘The author has covered the 
subject so completely and with such exact and scientific 
care, that I deem it an honor to be called upon to offer a 
discussion. And I want to be perfectly frank and say 
right at the start, that the author’s handling of his sub- 
ject is so complete that I have found it difficult to add 
anything of great value or interest in presenting this 
discussion. 

What has been said of the superior quality of acid 
open-hearth over basic open-hearth steel is so generally 
accepted that it needs no further emphasis. That this 
superiority is due to more complete deoxidation, the 
author has shown conclusively. Since I am interested 
in the manufacture of electric steel, it is only natural 
that I should want to compare electric steel with acid 
open-hearth steel. 

The author makes this statement:—“the amount of 
deoxidizing finals just sufficient to produce an acid 
ingot free from blowholes is not sufficient to make a 
basic ingot of similar composition solid.” I do not 
believe that this statement would be true of electric basic 
steel. We have the advantage in the electric basic 
process of being able to thoroughly deoxidize by means 
of the slag so that the steel will be free from oxides even 
before adding finals. 

But even so, I believe acid electric steel to be better 
than basic electric steel, but to my mind the superiority 
lies not in any differing amounts of oxides present in 
the steel, but rather in the fact that basic slag is not as 
completely separated from the metal as is the case with 
acid slag and acid electric steel. 
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This superiority would not appear in the results ob- 
tained from physical tests. on longitudinal bars taken 
in the ordinary way. But on transverse or tangential 
bars, with even very slight particles of slag present, the 
structure would be sufficiently broken up to affect the 
physical strength. 

In other words, where a very high-grade steel is to 
be made and when such steel must meet very exacting 
specifications and tests, I should still prefer acid elec- 
tric steel: over basic electric steel for the reasons just 
set forth. Pax 
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ANALYSIS OF SLAG. 


_ Fig, 1—Graphic Chart showing history of typical acid open-hearth heat 


With your permission, I wish to refer for a moment 
to the author’s graphic chart. The equations which I 
have written in are from the author’s text, and I have 
merely indicated roughly the period during which these 
reactions are going on. | 

The plotted lines for metal and slag and the author’s 
history of the progress of the heat are so beautifully 
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in accord that I may be pardoned for bringing up a 
few points here, which the author does not mention, 
either because of modesty on his part or because he as- 
sumed that the metallurgical mind would grasp them 
automatically. 

The point where the reaction between carbon in 
steel and ore additions ceases is very clearly marked by 
‘the dip upwards of the Si curve and a little later by 
the Mn curve and the simultaneous curve downward 
of the MnO line in the slag. The reasons for these 
increases in the silicon and manganese contents in the 
metal and the corresponding decrease in manganese 
oxide in the slag are fully brought out in the author’s 
text. 

The slag tables are also worth our further attention. 
From slag No. 8 to slag No. 4, although the lime quan- 
tity present is constant, the percentage of CaO is de- 
creased from 3.9 to 2.5 per cent., thus indicating roughly 
an increase in volume of slag of 50 per cent. Yet dur- 
ing the same period the total oxide contents have de- 
creased only from 37.9 per cent. to 33.8 per cent., show- 
ing conclusively the avidity of the slag to constantly 
absorb oxides and maintain an equilibrium between 
SiO.-and the bases. 

The final shut-off period, the author’s reason for 
this procedure and the absorption of oxides during this 
final period are also plainly portrayed in the increased 
oxide percentage in slags No. 7 and No. 8. 

Returning once more to the graphic chart, I have 
endeavored to sketch on it the corresponding lines for 
the metal changes in a heat of electric steel, as shown 
by lines of small round circles. In following our melt- 
ing process, please bear in mind that I am describing 
a heat of steel intended for comparatively small cast- 
ings, and also that we must attain somewhat higher tem- 
peratures than were aimed at in the author’s heat. 
Also bear in mind that I have paid no attention to the 
time element in drawing the curves shown. In our 
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6-ton furnace we finish a heat from tap to tap in 314 
hours. 

During melting, the carbon, manganese and silicon 
will have decreased only very slightly, since the adher- 
ing rust will have been the only reagent to oxidize these 
elements. (I have reference to a melt from cold 
_ scrap.) 

There will be no marked decrease in these elements 
until after ore additions have been made. The same 
care must be used in adding ore in the electric furnace 
as pointed out by the author. The necessary tempera- 
ture must have been reached before ore is added, other- 
wise the reaction is delayed, and when it does begin the 
boiling is very violent and the reduction of carbon is 
carried beyond the desired point. 

The acid open-hearth process has rather an advan- 
tage over the acid electric furnace at this point, since 
the carbon reduction by means of ore need not be car- 
ried to the actual “go-ahead” carbon point desired, since. 
the air entering with the fuel will further reduce car- 
bon and the other reactions, during the period of attain- 
ing proper temperature, will aid in allowing carbon to 
“drift” to the desired point. 

In the acid electric furnace the ore calculation and 
additions must be carefully made, since this is the only 
reagent we have to depend on. 

If the temperature is right, carbon, manganese and 
silicon will decrease rapidly as shown by curves. Man- 
ganese and silicon will from this point act much as 
shown by the chart. 

The carbon, however, will tend to build up. This 
is due to the fact that the SiO. taken from sides and 
bottom is thickening the slag very fast. The electrode 
ends are engulfed in this slag and carbon monoxide, 
formed by burning of electrodes, is held in close contact 
with the metal and partially absorbed. 

At this point lime mixed with coal dust is added. 
The lime will help to thin the slag, and the more fluid 
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slag will allow coal dust to react more freely in deoxi- 
dizing the slag, and at the same time the fluid slag pre- 
vents the heavy envelope around the electrodes, allows 
the gas formed to escape more freely and thus prevents 
the possible rapid building up of carbon in the metal. 

The greatest care must be used by the furnace oper- 
ator during the deoxidizing period, and the complete 
success of the heat depends upon his being able to 
accomplish and finish simultaneously these three things: 

1. Complete deoxidizing of the steel. 

2. Attaining proper metal analysis. 

3. Attaining proper pouring temperature. 

If these three desired goals are reached simultane- 
ously, finals can now be added and the heat tapped. I, 
however, the finish of the operation is delayed because 
any one of the three points has not been attained, the 
delay will be attended with much difficulty because of 
a pasty, unwieldy slag and constantly increasing carbon 
and silicon content in the steel. 

Before I conclude this comparison, I wish to point 
out one similarity which the author emphasizes and 
which we demand in our process; namely, the attaining 
of a temperature to obtain complete deoxidation in the 
bath, even though, as in the case of the author’s heat, the 
temperature attained was too high to pour and the metal 
was held as he has described. This latter condition 
would never obtain in our case, since we require a very 
hot metal in order to pour the light castings that we 
make. Occasionally we have to make a heavy casting 
which takes all the metal from one heat, and we find 
that we always obtain better results by carrying our 
temperature up to the same high point that we aim at 
when producing our regular line of small castings. 
Our practice differs, however, from the process Mr. de 
Maré describes in that we tap a heat and allow cooling 
to take place in the ladle. This procedure is made 
necessary because of the reason already pointed out; 
namely, that the slag becomes thick and unwieldy, and 
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both metal and slag should be removed from the furnace 
as quickly as possible. 

‘In closing I will refer to one interesting statement 
which the author makes about the addition of alum- 
inum for deoxidizing, and “the baneful effect of such 
additions upon physical properties.” The decreased 
strength of steel, where aluminum is used, is due to 
presence of Al.O:, which has the unhappy faculty of 
remaining distributed among the metal mass and refus- 
ing to rise with the-slag. 

In making electric motor housings with carbon and 
manganese under .10 per cent., it is customary to cut 
out the‘usual final additions and use aluminum instead. 
Since many of the motor housings that we make are used 
on ‘motor vehicles and subjected to shock, there is 
- always danger of breakage and the aluminum additions 
must be held to a minimum. 


Le 


Vicr-PrEsIDENT Topping: The next discussion of. - 


Mr. de Maré’s paper is by Mr. Lawford H. Fry, 
Standard Steel Works Company, Burnham, Pa. 


THE ACID OPEN-HEARTH PROCESS 


Discussion BY Mr. LAWForD H. FRY 
Standard Steel Works Company, Burnham, Penne tenia 


Mr. de Maré’s paper puts before us ‘an excellent, 
~ one might almost say an ideal, example of good practice 
in steel making. It may appear greedy to ask for more, 
but information as to the physical properties of the steel 
produced would add to our present knowledge. Mr. de 
- Maré sets up an ideal and it would be interesting to 


know the concrete results to be obtained by living up to 


it. During the war, when many open-hearth furnaces 
were set to making gun steel for the first time, the 
“ordnance éxperts, of whom many were well versed in 


«Midvale practice, urged on the new comers a practice 


‘very similar to that described and particularly urged 
that the melt be handled so as to be in a condition to 
pick up silicon from the slag in the latter stages. 

“It is interesting to note that in Mr. de Maré’s heat 
no silicon addition is made, all of the final silicon being 


— residual. 


In this connection it is noted that Mr. de Maré 
speaks of the silica of the slag being reduced by the 
carbon of the bath. Is there direct evidence of this? 
The question is asked because in a paper before the 
British Iron and Steel Institute presented early this 
month, Messrs. Yaneske and Wood offer a good deal of 
evidence to show that the reduction of the silica is 
effected by the iron and not by the carbon. 

Mr. de Maré’s discussion of the relative merits of 
the acid and the basic processes suggests two questions. 
The first arises out of the statement that the ingot 
crystals are larger in basic than in acid steel. Is this 
due to the fact that in the melts compared the basic has 
more inclusions, or is it an inherent property of the steel | 
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In the latter case further information would be wel- 
come. 

The second question is: if two melts, one acid and 
one basic, be made from the same stock, using the same 
care in melting practice, with the proper additions in 
each case and proper teeming to eliminate the by- 
products of the additions, can Mr. de Maré show 
definitely the difference which would be found in the 
physical properties of two melts? Would there be a 
difference in grain size and what effect would this have 
on the characteristics of the steel after working? 

Whether we agree or not with all of Mr. de Maré’s 
conclusions regarding the relation of acid to basic steel 
I am sure we are indebted to him for the accurate and 
valuable information regarding the acid open-hearth 
process. 

I think that many a superintendent when he wants 
first-class steel will put the log of heat M.K. 13-126 in 
his melters’ hands and quoting Luke X, 37, will say, 
“Go thou and do likewise.” 


VicE-PREsIDENT Topping: Gentlemen, this con- 
cludes the program for this afternoon. I hope to see 
you all at the banquet this evening. 


/ 
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EVENING SESSION 


The evening session of the Institute was held in the 
Grand Ball Room. After dinner, President Gary called 
the meeting to order and said :— 

Ladies and gentlemen: This is an inspiring sight! 
It is a day of inspiration and pride in the iron and steel 
industry in this country. There are present about 1,400 
members of the Iron and Steel Institute, and a con- 
siderable number of other distinguished guests. In be- 
half of the Institute I welcome you all. 

I feel justified in repeating a remark made during 
the evening in conversation between two of the members 
of the Institute who are sitting at this table. It was to 
the effect that the members had the greatest confidence 
in each other; that in business matters their word was 
accepted as the exact truth, and in treatment the fellow- 
ship was one of friendliness, of fairness and of kindness. 
I should like to impress upon the minds, particularly of 
the young men, that not only from the standpoint of 
high morals and good citizenship this attitude is one to 
be proud of and satisfying to the minds of all the mem- 
bers; but also in the consideration of business progress 
and business success it has paid. Those who know and 
receive profit from the business of the steel industry will 
tell you they have received larger compensation and 
greater financial results because of the fact that you 
stand and transact your business on this high plane of 
morals and citizenship; and therefore I congratulate 
you all, because you are a part of this great basic in- 
dustry, and because you have the opportunity to exert 
a commanding influence in the affairs of this nation. 

On this occasion we have decided to conduct the 
banquet as a family party. We have no speakers, so 
far as I know, outside of our own membership. I think 
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the members will be more interested and better satisfied 
for once at least to hear speeches from their own num- 
bers, and I am hoping the ladies, because of their 
patience, will be contented; and more than that, I am 
expecting they will be proud of the relationships which 
they bear to the members of the Institute. Who can tell 
how soon the women of this country who are now taking 
an active part in the affairs of this country will be par- 
ticipating in the management of this great industry, as 
members of the Iron and Steel Institute. (Applause.) 

An unselfish toastmaster is not inclined to occupy 
very much time himself. I have been furnished a reason- 
ably short program, and in behalf of the speakers and 
also in behalf of those who wish to hear what is said, I 
ask you in this large room, and in this vast assembly of 
persons, that perfect order be maintained. 

First on the program is a veteran, the friend of 


everyone, the aggressive, courageous, modest, persistent ..__ 


and much beloved Uncle Joe Butler. 


Mr. Josrpn_G. Burier, Jr.: Mr. Chairman, ladies 
and gentlemen: It is a very great pleasure to me to 
address this wonderful assemblage, to greet you and to 
be greeted by you. 

Speaking of dark horses (laughter), I was very 
much impressed this morning with Judge Gary’s ad- 
dress; every word counted; and in his description of the 
qualities the next President of the United States should 
have, which impressed me deeply, if he had added to his 
description about 50 per cent., he would have fitted his 
own case. (Applause.) 

I am a delegate to the Chicago Convention. That is 
all I will say on that point. (Laughter.) 

This program says “impromptu remarks.” I want 
to tell you I sat all day yesterday preparing my “im- 
promptu remarks.” (Laughter.) I received a telegram 
that I was expected to be one of the speakers here— 
and I would have been very much disappointed if I had 
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not been called on (laughter)—and I told Judge Gary 
substantially my subject and received his unqualified 
approval. : 

I had two or three new stories that I. was going to 
tell, but in talking with Mr. Schwab today I discovered 
that he already had them and he. will tell them to you 
later. (Laughter.) One of these stories is a strictly 
parlor affair. : . 

You will remember that a year ago in a talk which 
I made I outlined substantially what part was played 
by American steel in the world war. Since that time 
the Iron and Steel Institute has gathered statistics, and 
I have condensed them—now, I am not going to read 
any statistics, but I have condensed them so that I 
think, at least I hope, that they will be interesting. The 
title of my impromptu remarks is “The Iron and Steel 
Industries in War Work and Financing.” 

The manner in which the whole American people 
responded to the call of country during the emergency 
arising from our entrance, with almost no previous 
preparation, into the most momentous struggle of all 
history, the World War of 1914-18, forms one of the 
brightest pages in the record of democratic government. 
The part played in this inspiring evidence of national 
strength and solidarity by the iron and steel industries 
was not less noteworthy than their contributions to the . 
cause of civilization in the form of products necessary to 
win the war. | | rem 

The amount of steel contributed to the combined 
armies and navies of the allied countries during the war 
cannot be stated with exactness but a conservative esti- 
mate made from the latest information at hand, places 
this at the stupendous figure of not less than one hundred 
million tons. Much of this was used indirectly for war 
purposes and a considerable portion of it consumed in 
this country. Nevertheless it was a part, in one form or 
another, of the vast machine by which the war was won. 

Fortunately it is possible to present the facts con- 
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cerning the contribution made by the iron and steel in- 
dustries in the form of men and money, more exactly 
than those in regard to the tonnage of steel supplied to 
our government and its allies. The American Iron and 
Steel Institute sent out inquiries to its contributing mem- 
bership comprising plants of all kinds. The replies em- 
brace reports made by five hundred and sixty-eight steel 
companies in the United States and include all except 
a comparatively few smaller concerns, statistics from 
which would not materially change the totals. 

These statistics have been arranged in three groups. 
The first (see Table 1) shows the number of officers and 
employees of the companies reporting who were en- 
gaged in the service of the United States and enrolled 
in regular organizations in the army, navy and aviation 
corps, together with the number who voluntarily en- 
gaged in auxiliary war work in various organizations 
approved by the government. The second group (see 
Table 2) gives the total subscriptions to Liberty Loans 
made by officers and employees of these companies, ar- 
ranged so as to indicate the nature of the securities and 
the amount of each taken by corporations and their em- 
ployees wherever possible. The third group (see Table 
3) gives in detail for fifty-six leading companies the 
number of men in service, the amount of securities pur- 
chased by companies and by employees (or by both 
where this was not separated on the records), and the 
grand total of subscriptions and enlistments for these 
fifty-six companies and for all of the companies report- 
ing, 568 in number. 

It is worthy of note that the group of fifty-six com- 
panies referred to above sent into the service more than 
eighty per cent. of the total enlisting, and at the same 
time subscribed about eighty-two per cent. of the 
total amount invested in war securities. This group 
included no companies subscribing for less than a total 
of two million dollars. More than thirty-three com- 
panies, in addition to these fifty-six, purchased securi- 
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ties in excess of one million dollars. A striking fact in 
this connection is the report by all of the fifty-six com- 
panies mentioned that their employees were 100 per cent. 
enrolled as purchasers of bonds during the war, as well 
as that the employees of some of the smaller companies, 
whose detailed statement could not be included here- 
with because of the necessity of brevity, were among the 
largest buyers of both bonds and war savings stamps. 

Reference should be made also to the relatively large 
number of executives included among those who enlisted 
in the various branches of the service, as well as to the 
number of those who won special honor therein. An 
effort to secure information on this point met with so 
much reluctance to have individual records made public 
that the idea of doing so had to be abandoned, but it is 
a fact that the number of rising young executives who 
laid down their tasks at the beginning of the war, 
and even before it actually began, to go to the front, 
was astonishingly large. 

The statistics given below indicate that the iron and 
steel industries of this country contributed one hundred 
and thirty-one thousand five hundred and four men to 
the service of the country during the war, and supplied 
funds to the amount of nearly seven hundred million 
dollars for the prosecution of the struggle. It is a mat- 
ter of deep regret that no adequate records have been 
kept by the greater number of companies concerning the 
contributions made by them and their employees to funds 
for war work, such as the Red Cross, the Young Men’s 
Christian Association, the Knights of Columbus and 
probably other organizations. Comparison of security 
purchases and war work contributions by companies 
and their employees in the relatively few cases where 
accurate figures on this point are obtainable indicates 
that the amount furnished for these forms of activity 
by the steel industry was very nearly equally divided 
between the employees and the stockholders. 

Many claims are made as to who won the war. It is 
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fair to say that American steel played a very important 
part. It is my intention to endeavor to obtain statistics 
showing the income tax and all other forms of taxation 
made upon and paid by the steel producing’ interests. 
These figures will show the large sums exacted and pos- 
sibly aid in the publicity very much needed to contra- 
dict the wild stories prevalent of the enormous profits 
made by the producers of steel. 

Now, my friends, there is a whole lot more I could 
say, but I will postpone it until another year. Thank 
you. (Applause. ) 


TABLE 1—NUMBER OF OFFICERS AND EMPLOYEES OF 
COMPANIES CONNECTED WITH THE AMRICAN IRON AND 
STEEL INSTITUTE WHO WERE ENGAGED IN ACTIVE 
OR AUXILIARY SERVICE IN THE WORLD WAR 


Number sof jcompanics reportim oiyjen aes. eee ee eee ee 568 


Number of officers and employees connected with companies rep- 
resented in the Institute who were in active service with the 


Sh Koma SA NOMAT YD Chto ota comooanoceucneedebon aoe ss 130,450 


Number of officers and employees connected with companies rep- 
resented in the Institute who were engaged in voluntary or 


quxillaryesermice sore ware work ceeiecs ctaeras aren cite cmenteiere 1,054 


Total number of officers and employees in service for war work 131,504 


In addition to the 1,054 officers and employees reported as having been 
directly engaged in voluntary or auxiliary work during the war, many 
officers and employees of iron and steel companies. devoted much of 


their time to Red Cross and other similar organization work. 
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TABLE 2SUBSCRIPTIONS TO LIBERTY LOANS BY OFFICERS 
AND EMPLOYEES OF 568 COMPANIES CONNECTED WITH 
THE AMERICAN IRON AND STEEL INSTITUTE 


Amount Amount Amount 
Subscribed Subscribed Subscribed, 
War Loans for for ' Unclassified Grand 
Company Employees’ as to Total 
Account Account Company or 
, Employees 
First Liberty Loan..| $ 42,526,440] $20,915,610) .......... $ 63,442,050 
Second he ss 98,382,450 OS aie crass cpeyateles 135,945,260 
Third ESE Si 86,970,200 SZOGQ AST Fa ose ore otis 139,032,687 
Fourth ss be 129,311,670 AERA We RU | ree cen yeaa en 221,701,850 
j Victory ; < 72,536,350 AAS GOS 00)! |\) Se cc sea trs cine 114,234,400 
Unclassified* oe te 9,043,500 667,648 | $14,397,800 17,108,948 
War Saving Stamps.. See total See total 120,617 120,617 
7$431,770,610 $245,296,785| $14,518,417) $691,585,812 


* Some companies did not state whether amount subscribed was for 
first, second, etc., loan. 


+A number of companies were unable to render reports separately for 
company account and employee’s account. In all such cases, the amounts 
subscribed have been credited to company account. At a number of iron 
and steel manufacturing plants, which had large contracts for the Govern- 
ment, the Government exempted employees from the draft, so that the out- 
put of the plants might not be decreased. At other plants the Government 
requested the companies to use every effort to induce employees who were 
in Government service to return to work. In almost all the leading iron and 
steel manufacturing companies there was a 100% subscription to all loans 
except the Victory Loan. Many subscriptions to. Liberty and Victory loans 
were made by officers and employees of iron and steel manufacturing com- 
panies through local banks. Unfortunately in numerous cases no records 
were kept of these subscriptions. 
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JupcGE Gary: For some months we were anxious : 
about the physical condition of Willis King. He was | 


in the hospital underging operations and really desper- ~~ : 


ately sick; but his great anxiety to get back into our 
midst pulled him through; and I think our hopes and 
wishes and prayers had something to do with it. We | 
are glad that he is now entirely restored to health and : 
taking an active part in these deliberations. Of course: : 
it is natural for us to resume the habit of drafting him © 
for a few remarks at our banquet. Mr. King. (Ap- 
plause. ) 


Mr. Wiis L. Krye: Mr. President, ladies and 
gentlemen: 

I am glad of the opportunity to present my thanks 
and appreciation for the admirable papers presented 
this morning by the members of the Institute, and oth- 
ers. ‘They have gone to join the large and goodly com- 
pany of numbers of others, who, during the preceding | 
sixteen meetings, have given us of their time and talent _ 
and expert knowledge to perfect the art of steel mak- 
ing,-and to give the benefit. of their knowledge to the 
members of this Institute. I cannot imagine that there 
is any work extant that would be equal in value to those 
papers as presented here to the Institute, because they 
represent up-to-date and latest processes in steel, min- 


ing and other operations connected with the steel in-. #28 & 


dustry. 
When I learned that I was to say something to-night 
I intended to speak on a subject that has always been 
dear to my heart and in which I have taken a great 
interest; and that is the American Iron and Steel_Insti- 
tute. =o 
In his opening remarks this morning Judge Gary 
forestalled me to some extent in giving a short sketch 
of the beginning, the progress and the hopes for the 
future of this Institute; but his innate modesty pre- 
vented him from saying anything about himself; so that 
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it amounts to the same thing, for I can never think of 
the American Iron and Steel Institute without thinking 
of Judge Gary, and I am very sure that the older mem- 
bers cannot do so, either. 

Mr. Schwab has often been spoken of as the inventor 
of optimism. That may be; I do not altogether know; 
but I do know that Judge Gary was the inventor of the 
American Iron and Steel Institute, and the result of 
his invention can at least partly be seen in this won- 
derful gathering of members to-night. (Applause.) 

Judge Gary, I think probably in 1909, told a few 
of us that he had conceived the idea of forming an insti- 
tution somewhat on the lines of the British Iron and 
Steel Institute, where the members of the American 
craft could meet and perhaps do away with the old 
unreasoning, unreasonable competition, based on sus- 
picion of one another, for he felt that most men were 
fair and reasonable, and if they could meet together and 
talk over business conditions and get acquainted, that 
the result would be very much to the advantage of .the 
steel industry. That that has happened I am very sure 
all of you will admit. 

I perhaps can go back as far as most men here. 
I know the conditions thirty, even thirty-five years 
ago in the iron business. I know that the times 
were nearly always hard, and that there were a great 
many failures; some mills to my knowledge got into the 
sheriff’s hands several times, and it was brought about 
by a spirit of unreasoning competition that prevented 
any profitable business. ‘That I think you will admit 
has all been changed; we have met together and found 
that there is some good in every one of us, and that we 
in the main try and want to do the right thing by each 
other; that there is a place for all of us in the world, and 
decency and right thinking, and business morality, are 
the best assets we can have. 

The beginning of this institution was very small, 
as is the case with a great many large institutions. 
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At the first meeting at which the European iron and 
steel masters were present I think there were something 
like one hundred present, which probably represented 
a total membership of perhaps two hundred. Now if 
I am correctly informed, the membership of this Insti- 
tute is 2,500, or something more. I submit that any 
institution that could increase to that extent in the time 
of ten years has a right to a place under the sun, and 
has shown its right to exist. 

I have great hopes of the future of this Institute. 
I think it would be rather a rash man who would 
prophesy to what extent and great numbers it may 
grow. I believe that we ought to do some things in 
the near future perhaps that we have not done in the 
past; perhaps we ought to have a closer connection with 
each other by means possibly of a magazine or paper 
that would keep the members in touch with what was 
going on in the steel world, and I also think that 
we should take a proper interest in politics. This is not 
a political organization, but it seems to me that with 
regard to any law that should be proposed in Congress 
that would affect adversely this great industry, the men 
who are in this institution and at the head of vast 
enterprises should take an active interest in seeing that 
only just and proper laws are passed. I remember at 
one time we went on to Washington, a committee of this 
Institute, to talk before the Ways and Means Commit- 
tee, when the Underwood Tariff Bill was up; we were 
not successful in our endeavor at that time because the 
Democrats had a decided majority, and were determined 
to put the free trade measure through, which they did. 
We must not forget, however, that during the first half 
of 1914 steel from European countries had commenced 
to come in here freely and was only stopped by the 
advent of the great war. In fact I have often thought 
that had it not been for that war we would have had 
many years of hard and grinding times, because the 
tariff was such that they could, with their low wages in 
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Europe and the cheap vessel rate, deliver steel in New 
York or on the seacoast, pay the $2 duty, and deliver 
in New York at a lower price than we could, with only 
the freight from Pittsburgh to pay. Now that admit- 
tedly is hard competition, and while it seems a far cry 
to say that it will comé again, I am sure that it will; and 
the members of this great institution, powerful, scat- 
tered all over the country, influential in their districts, 
should do what they can, I think, to get a proper tariff 
law passed. 

For the early future of this institution, I have no 
fear. The present generation will continue its tradi- 
tions. The long future of the Institute is, of course, in 
the hands of the generations to come, and I believe it 
will continue to grow in numbers and influence until the 
whole business structure of the country becomes its 
debtor and beneficiary. Its charter is perpetual and it 
will surely last in prosperity if the superstructure shall 
continue to be built on the foundations already laid. | 

Now, Judge, in the course of time, perhaps some 
twenty-five years or more, you may think you have 
merited a well-earned rest, and we will have to be think- 
ing somewhat about your successor. I was going to 
suggest to you that you put in training say Uncle Joe 
Butler, or some of the other young men for your posi- 
tion. I hope you will consider this seriously. I thank 
you all, gentlemen, for your kind attention. (Ap- 
plause. ) 


Juper Gary: Every member of the Institute has 
his place. Every one exerts more influence than he 
himself is aware of. Conspicuous among those, a man, 
who is a living part of the activities of the iron and steel 
industry, and has been for a great many years, is with 
us this evening, and it is my great pleasure to present to 
you Captain R. W. Hunt. (Applause. ) 


~Caprarn Rosert W. Hunt: Mr. President, ladies 
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and gentlemen: It is not worth while for me to take 
your time and to repeat the oft expressed feeling of grat- 
ification of having this opportunity of speaking; but I 
wish to thank you, sir, for the great kindness—this does 
not include Mr. King (Laughter)—for the great kind- 
ness which you are displaying to the elder members of 
the Institute, of letting them speak early and go home 
and go to bed. 


Mr. Butter: That does not include me? 


Captain Hunt: No? (Laughter.) 

As Judge Gary has said, it has been my happiness 
and my good fortune to have been connected with the 
iron and steel industry of America for many, many 
years. I knew the American Iron and Steel Associa- 
tion, of which, to a great extent, I think you are the 
heirs; at least you have acquired the statistics which are 
so valuable, which were accumulated and filed by them 
and now form a part of your archives. That Associa- 
tion was composed quite largely of some gentlemen, 
fine men, good business men, who lived in Philadelphia, 
and a few in Pittsburgh, and they had their meetings 
and their banquets and they considered that they were 
very largely attended. My recollection is that there 
used to be sometimes one hundred, sometimes one hun- 
dred and fifty. Mr. King has said that your member- 
ship amounts to about two thousand five hundred. 
You have between fourteen and fifteen hundred people 
present here to-night. How do you account for get- 
ting so large a percentage of your numbers; and who 
is now running your works? (Laughter. ) 

It leads me to ask you, honestly now, are you all iron 
and steel people; or are some of you getting in under 
the canvas? But let that be as it may, I know if you 
are not, the contact and the association which you will 
have with the men of iron and steel will do you good 
and make you better citizens. ( Applause. ) 

For many years it was my fate to be an employer; 
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and when I say employer I mean representative em- 
ployer, of labor. I had the charge of organizations 
employing some thousands of men. It extended over 
quite thirty years of my life. I passed my earlier days 
working with them at the mills, learning the various 
processes of the then iron industry. I knew those men, 
I knew them intimately; I have known them during all 
these years, and I know them now, and I know them in- 
dividually, and, per se, the American workman is a good 
man and when he goes wrong it is through bad advice, 
it is through an error of judgment in which and through 
which he reaps the punishment, and it is not for me and 
I think not for you to take the position that the best of 
men will never err in judgment. 

We have gone and are going through a very pe- 
culiar labor situation which nobody appreciates better 
than you, but I firmly believe and I think the indica- 
tions of events which are now happening point most 
clearly to a quick solution and a good solution of those 
difficulties. The question of the curtailment of the ex- _ 
ertion of man, the hampering of his God-given quali- 
ties, be they mental or muscular, is so contrary to the 
laws of God, to the laws which govern our universe, 
that it must be wrong and cannot continue to exist. 
To say that because I can only do so much, my ability 
will not allow me to accomplish more than a given 
amount, therefore you must not do more than that 
given amount, is so absolutely absurd. If it were right, 
why then should not all men and all women be created 
absolutely mentally and physically alike? They are not. 
You might as well say that if you have a talent for music 
you have no right to develop that beyond what your 
neighbor has, which permits him to play the fiddle to 
a dance step, and that you shall not interpret the higher 
orders of that God-given attribute. 

Now the history of your industry and the history, 
or at least the results which have been accomplished in 
that industry, have been accomplished in a majority of 
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instances by a large proportion of men from the ranks; 
and shall we say that the ranks shall not open and let the 
able individuals step forth? It cannot be so. It will 
not be so. 

A most striking instance comes to me to show what 
the possibilities of this American life of ours in this iron 
and steel industry has been in the past. Some of you will 
recognize the incidents; it is more than incidents, it is his- 
tory. Years ago a Welshman came to this country; 
he was a roller; he was a skilled roller. He soon ob- 
tained employment; he produced good work; he did not 
limit his exertions by any rule of production, beyond 
the effort to get out as much and as good products as 
he could during the hours of his employment. His 
talent was soon recognized; he was put in charge of a 
mill. Later, that field was also recognized as being too 
limited for him. He was made the foreman of works. 
Later still, as his age advanced and he acquired more — 
and mature knowledge and observation, he was put, by 
one of the largest organizations of this country, in the 
position of a consulting workman, you might say a con- 
sulting engineer; and as such he passed honored years 
of life, until he finally went to his reward. 

That man had three sons. He gave them a common 
school education. They followed that schooling by 
work in the mills, choosing for themselves various occu- 
pations in those mills. One young man gave up his 
position, in which he was making a given amount of 
money, to take another position at half the pay, so that 
he could acquire the experience incident to that work. 
The other two sons were equally ambitious, equally 
diligent, and developed the same kind of talent, with 
the result that today one is the manager of I will say 
comparatively one of the largest subsidiaries of the 
greatest corporation in this country; the second one is 
the assistant to the vice-president, controlling the opera- 
tions of another great subsidiary of that corporation; the 
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third is the mechanical engineer of one of the other 
largest steel corporations of the United States. 

The daughter married a man who is a leading citizen 
in his community. ‘The widow, the mother of these men 
and this woman, in an honored matron; “a mother in 
Israel.” : 

To say that America does not present opportunities 
for the workingman—why, you are all seeking just such 
individuals as these, and they are the class of men who 
make possible the results which you gave us, Mr. Butler, 
and the results which did so much toward the winning 
of this war. 

This is the age of the young man. It is all right 
for the graybeards to advise and to approve and to 
counsel; but the work must be done by the young men 
of the country. They were not graybeards who took 
the German machine gun nests; they were not gray- 
beards who forgot all personal danger and all personal 
sacrifices to defend and to advance our flag and make 
triumphant right over wrong; and so it is with our in- 
dustry, and industries of all kinds; it is the young man 
who dares; he does not care for precedent—he may fail, 
but to him there is the incentive to accomplish, and it is 
through that very spirit, that spirit of youth which has 
pervaded the whole country from its birth until the 
present time, which has made this nation what it is. 

I had the honor of speaking at your dinner in Cincin- 
nati a couple of years ago. Then the war was on. I ven- 
tured to suggest what seemed to me a desirable thing to 
do; that was the importation under contract by the 
United States Government of Chinese labor, particu- — 
larly to be used upon the farms of the country, and 
make possible a greater production of food products. 
The farmers at that time needed help and pointed out the 
uselessness of planting more seed, of tilling more acre- 
age, because they could not reap that which they sowed. 
My thought was that knowing, naturally, at least, that 


such a movement might be opposed by the labor organi- 
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zations of the country, that they could be placated if the 
Government would make the contracts, bring the Chi- 
nese labor into the country, farm them out—if you could 
use that expression; let us say sub-contract the laborer 
to the farmer, the farmer to pay the price to the Gov- 
ernment which he-would have to pay for white labor; 
then take the difference between what the Chinaman 
cost and what our Government received for his services, 
and let that apply to the war needs and the war taxes of 
our country. 

I have no knowledge that my views were received 
with any great amount of warmth, but I still believe in 
the scheme and its practicability. 

One objection which was urged against this scheme 
in addition to the opposition of organized labor was that 
the Pacific Coast would not tolerate such a movement. 
I find, gentlemen, that there is an organized propa- 
ganda originating in the State of Washington and per- 
meating and urged through the State of California to 
carry out that very scheme of importing Chinamen, a - 
half million Chinamen, under contract for five years, 
the labor to be agricultural and domestic, letting our 
dear ladies in, with the hope of relieving them of the 
necessity of doing the menial offices of their households 
and making it possible for an American mother and an 
American wife to once more have an American home 
and not be compelled to live in a hotel or a boarding 
house, or the apology for a home, which I believe is 
called an apartment. 

Now this is no idle statement, but it is a question so 
far advanced that the next Congress, I mean the Cons 
gress under the new Administration, will find themselves 
flooded with petitions and the work of these organiza- 
tions urging that his thing be done. 

A further argument, in addition to the fact of get- 
ting the desired and needed labor, is that a Chinaman 
does not come to this country expecting to remain; he 
wants to go back to China, dead or alive; if they are 
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brought into this country and stay here five years and 
use American implements and become educated in 
American ways of agriculture, they will go back to their 
own country educated to that extent, accustomed to the 
use of the implements which we are manufacturing and 
which we want to sel], and therefore help to open the 
field of China for American products. 

Now I venture to lay this before you for your 
thought, because it will come to you in a way that you 
will be requested to act upon. 

Judge Gary, I did not have the.pleasure and honor 
of hearing you this morning, but I read, sir, in the eve- 
ning papers, the report of your speech, which, no matter 
how well it read, I know was not as good as though I 
had listened to its delivery; and I was struck with your 
statement that the safety of our ship of state depended 
upon the action of the crew; no truer words were ever 
uttered; and. so it is up to us, each one of us, men and 
women, to meet the present situation by our acts. Let 
us stop this wild spending of money. Let us control the 
cost of living by not indulging in extravagances. That 
conduct was practised by us all during the war. We 
cheerfully submitted to sacrifices at that time in the hope 
of accomplishing a great and a patriotic result. To my 
mind there is the same call upon the citizens of this coun- 
try today as there was then to exercise self-control, to 
exercise self-restraint and condemn that which has been 
for so long a time running riot. And, ladies—God bless 
you, you can do as much for that as the men; because 
at last it is from you that we get our inspiration of life 
and of living. I do not wish to suggest for a moment 
that one of you ever intimated to those you love that 
it would be a good thing to have another diamond neck- 
lace, or another sable suit of furs; but on the contrary, 
tell those you love that they themselves, as well as you, 
must go without that extra suit of clothes; and do not 
criticize them if their trousers do bag a little at the knee 
or if they have their shoes half-soled. Now, those are 
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homely things; but it is homely things that control one’s 
whole life. 

The other day I was going to Montreal, and at the 
station of the Michigan Central the car was not opened 
yet. The colored citizen who condescended to help me 
to the train with my dress suitcase put it down at the 
gate, and I was afraid perhaps that he would leave me, 
having to wait a few minutes, and I would have to carry 
it myself; so I felt it obligatory upon me to try to en- 
tertain him during the time. As the natural thing, we 
discussed the cost of living, and the high cost of clothes. 
He said “Well, boss, I tell you, clo’s don’t worry me 
much, because I’se brushin’ ’em, I’se turnin’ ’em and 
I’se pressin’ ’em; and don’t you think I look pretty 
well?’ TI said “You certainly do; and I presume you 
saw what was in the papers this morning, about that 
man over in Detroit who was having the same idea as 
you, and so he instituted an order a symbol of which is 
that a man should wear on his sleeve a star to represent 
each year of the age of his suit of clothes, and that star 
would be a badge of honor, that star or those stars.” He 
says “Boss, I’se tellin’ you that if I followed that out ’'d 
look just like the Star-Spangled Banner.” (Applause. ) 

Now these two thoughts I leave with you. I appeal 
to you as citizens, as patriotic citizens. Our blood has 
been shed; our boys have given up their lives; you have 
suffered privations, and you have made sacrifices. Con- 
tinue them until these troubles pass, as they will; and 
this country will continue to be the greatest country on 
God’s footstool. (Applause. ) 


Juper Gary: With much satisfaction I now in- 
troduce Mr. W. U. Follansbee, of Follansbee Brothers 
Company, Pittsburgh: 


Mr. Foiiansprr: -Judge Gary, ladies and gen- 
tremens) 


The predicament in which I now find myself re- 
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minds me of an incident that recently occurred in the 
South. A lawsuit was being tried. One of the impor- 
tant witnesses was a negro who, it was evident, had been 
thoroughly posted by the attorney; and yet he was suf- 
fering from a bad case of stage fright. In order that 
his testimony might be’ properly delivered the attorney 
very impressively stood before him and said “Now, 
Rufus, tell the Court and jury all you know about this 
case.” Rufus said “Mah it please de Cote, when 
I stahted fo’ de cotehouse dis mawnin’ dar wur jus’ 
two people in all de worl’ dat knew wot I was to say, 
me and Mr. Attorney Johnson; and now Mr. Attorney 
Johnson is de only one dat knows.” (Laughter. ) 

The Judge refused to tell me what to say; and if 
any of you gentlemen know, will you kindly pass it over 
to me quickly? 

In my great confidence in the Iron and Steel Insti- 
tute I came to this meeting with a special mission, a 
mission very important to me, a mission put up to me 
by my own stockholders who heretofore had been accus- 
tomed to be interested in a going institution (laugh- 
ter) ; and now it is a little bit too much like old Dobbin, 
who, as you know, was more accustomed to stopping 
than to starting; and so that some of the bright minds 
here may realize my position; and knowing there is the 
desire to change to a real going executive at the head of 
our little company, may I be pardoned for referring to 
some of the duties? 

First it is very necessary to get up early in the 
morning and get down to the office—not later than ten 
o’clock (laughter) ; then after opening the bills and the 
complaints (laughter), sit patiently until you are 
called up over the private wire by the general man- 
ager. His salutation generally is ‘Well, boss, how are 
you this morning?” I think he thinks that I like to be 
called “boss,” because that sounds real important; but 
after all, all that goes with the job is to receive the 
kicks. So after that customary salutation, the report 
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is made, which is something like this: ‘Well, we have 
two mills off this morning.” That sounds pretty good, 
after all; but it would never do to let him know it. So 
the inquiry goes back “What is the matter?” The 
reply, “Well, on No. 2 mill the catcher’s wife wanted 
to make a visit over in Steubenville, and as their chauf- 
feur was sick, he had to lay off to drive the car himself.” 
(Laughter.) And, “On No. 8 mill they got into a con- 
troversy as to who could throw a baseball the furthest, 
so the whole crew went down to the athletic field and are 
trying it out.” (Laughter.) 

Of course it is necessary to be very patient under 
those conditions; so the inquiry is made, “Well, I sup- 
pose all the mills will be on the next turn?” “No, no; 
I am awfully afraid they will all be down the next 
turn.” “Well, why is that?” ‘Hot necks, because the 
negro that makes the grease has taken a hundred dollar 
bill and gone to Pittsburgh to buy six silk shirts.” 
(Laughter. ) 

Now of course the important thing after all is ship- 
ments, and so the inquiry goes back to the general 
manager “Well, how is the car supply today?” ‘Noth- 
ing but gondolas.” For some special reason or 
other these particular buyers in these days do not like 
to receive tinplate and sheet steel in gondolas, after they 
have gone through a cyclone or two. So just to eneour- 
age the general manager he is asked “Well, now, can- 
not you roof over those gondolas ‘and get out some- 
thing? We need the money; we have got to make some 
shipments of stock.” Then he says “Boss, here is the 
trouble; these hammer and hatchet men have just 
handed me in this little note. I want to read it to you.” 
This is the way it goes: “We, the carpenters, working 
for Follansbee Brothers Company, request the eight- 
hour day, ten hours’ pay. Respectfully yours.” TI tell 
you, things are getting better: “Request,” and “Re- 
spectfully”; it sounds good! 

In all these problems that we have today I 
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presume most of you, as I have, as you go around, rather 
like to get the views of your fellow workmen, your fel- 
low citizens, your fellows who are in equal trouble; and 
it seems to me some of the answers are all right. These 
are a few that have been given to me. One man told 
me he thought the trouble was with the W. W. out 
in Montana. Another said he thought the trouble was 
with the W. W. in Washington (laughter); and a 
third man said he was sure he knew that it was because 
the country had gone dry drunk; and somebody else 
suggested “Well, it is because the railroads have no 
head”; and another fellow wisely said “Well, it is be- 
cause this Government has a head, and nothing else.” 
(Laughter.) 

But really I think that the trouble is our idle rich; 
and I mean those that were illustrated just a moment 
ago, the idle rich that are on the payrolls of us all. 

Now, gentlemen, after all, with this splendid meet- 
ing, I came discouraged because I was just elected 
successor to myself, and as I have gone around I am 
going home encouraged and I am going to do my 
darnedest to hold my job; and what I am going to 
tell my board of directors is that, without the specifica- 
tions, you have just heard fourteen bright steel men 
offer to swap places with me. (Applause.) 


Jupce Gary: We are always delighted to hear 
from Dr. Henry M. Howe, Professor of Metallurgy, 
Columbia University; and we shall again have that 
privilege. 


Proressor Howe: Mr. President, ladies and 
gentlemen: 

Because we are the greatest and richest country 
we have the greatest interest, measured absolutely, in 
world welfare and world thrift, that our debtors may 
thrive and pay and that our customers may thrive 
and buy. As a lending and a selling nation we can 
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prosper only as the rest of the world prospers, and is 
able to repay and to buy. ; 

With this enormous stake in world thrift, we should 
be most unwise, now that we have once emerged into the 
world’s forum, to retreat from it and resume our old 
Korean role of a hermit nation, not only neglecting to 
exert our force to direct the world according to our in- 
terests, but shirking the duties which every strong nation 
owes its fellows, what every man owes his com- 
munity, an active part in promoting the common wel- 
fare. 

With these truisms clearly before us, let us consider 
briefly a single group of the great world questions, the 
right solution of which is of the first importance to us. 

Why did we go to war? To defend our own exist- 
ence as a nation. We saw that Prussia, after expand- 
ing through centuries until she controlled the whole of 
the vast Central Empires, had so nearly conquered the 
Western Powers that, unless we helped them, they too 
would be absorbed; that our turn would come next; and 
that we, together with all our available allies, such as 
Japan and Latin America, should then be impotent to 
resist Prussia after she should have duly organized her 
approaching conquests. 

We saw at last that our very existence was seriously 
threatened by the terrible law of the survival of the 
fittest—not the fittest industrially, intellectually, or ethi- 
cally, but the fittest to conquer other nations. 

We may differ in our analysis of this fitness. We 
may say that it springs from Prussia’s hereditary and 
insatiable lust of conquest; from her treachery; from 
her system of government, which concentrates all the 
best intelligence of the country on war problems; from 
the natural cohesion of an autocracy which gives it an 
incalculable advantage over the individualism of democ- 
racies; or from these various causes combined. But 
whatever the cause, Prussia’s supreme fitness for con- 
quest threatened us so closely that we poured out our 
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blood and wealth like water, preferring death or poverty 
to bondage. For a few heroic months our people saw 
and fought the peril to our existence inherent in the 
nature of the Prussian. Today we seem, ostrich-like, to 
hide it, by thrusting our heads in the sand. 

When Hannibal,was at the gates, Rome threw her- 
self upon Carthage and swept her from the face of the 
earth, recognizing the peril inherent in the nature of the 
Carthaginians. In the language of today, that means 
taking effective steps to prevent Hannibal and his suc- 
cessors from returning to the gates. 

In like manner it is of the first importance to us, 
both for our own national existence and for the welfare 
of the rest of the world, our debtors and customers, to 
prevent Germany reentering the warpath and reattack- 
ing our natural allies, lest she conquer them and, ab- 
sorbing their resources, human and material, in turn ~ 
reach a strength which we should be impotent to resist. 

Therefore let us see clearly that, as Rome’s peril lay 
‘n the nature of the Carthaginians, so ours lies in the 
nature of the Prussians, and that we are so profoundly 
interested in what is done to prevent their reattacking 
that we owe it to ourselves to exert our influence. Let 
us not for an instant suppose that the war is a closed 
episode, nor shut our eyes to the persistence of that 
Prussian nature which, in the last analysis, caused the 
war, and retains today the determination to reattempt 
world conquest when a favorable time comes. 

Let us remember that it was our intervention alone 
that thwarted Prussia; that our allies are fearfully 
weakened by bearing the onslaught for years without 
our aid; that Germany may well succeed in getting such 
control over Russia that her own administrative genius 
may direct the immense resources of that unhappy land 
against the Western Powers and ourselves; that the sit- 
uation thus remains and will remain critical; and hence 
that we should exert our influence to prevent effectively 
the coming of that time favorable to a German reattack. 
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Among the preventive measures we at once recog- 
nize four so important that we, as a country profoundly 
interested in this prevention, should exert the influence 
which our strength and our fairness justify. These 
four deterrents are the punishment of the guilty, the 
reduction of the German armament, the guarding of 
the west bank of the Rhine, and a great indemnity in 
money and goods. Let us review these briefly. 

The trial and punishment of the guilty, originally 
assigned to the Allies, has been transferred to the Ger- 
mans themselves. The influence of our public opinion 
should have been brought to bear on this question. To 
many of us this seems like deputing to Hannibal the 
task of explaining to Carthage that to assault Rome 
was naughty, and that instead of a deterrent it was a 
strong encouragement, by assuring the Teutons in ad- 
vance that we will pardon whatever enormities they 
commit, thus capitalizing for them their own treachery 
and brutality and freeing them to use every baseness to 
which we cannot descend. 

After the Germans had consented to reducing their 
army to a maximum of one hundred thousand men with- 
out heavy artillery, tanks, warplanes, poison gases, or 
liquid fire, as things superfluous for maintaing domes- 
tic order, our public opinion should have expressed 
itself clearly as to whether this plan was to be aban- 
doned and Germany allowed, as she is today, to have 
more than one and one-half million men under arms, 
still equipped with heavy artillery, flame throwers, war- 
planes, and tanks. 

The permanent occupation of the west bank of the 
Rhine, without annexation, would form a most impor- 
tant deterrent to German attacks, because the damage 
done by the attack would then occur in German terri- 
tory, and because the Rhine itself is a great natural 
obstacle. The permanence of this safeguard should not 
have been abandoned, as it has been, without giving our 
people an opportunity to Judge so important a step. 
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The fourth great deterrent, a great indemnity in 
money and goods, should not be given up without con- 
sulting our people effectively. A strong school opposes 
any penalty commensurate with the damage, on the 
ground that Germany must be strengthened and thus 
enabled to make through decades a succession of pay- 
ments collectively far beyond her powers if she is pressed 
now and hereafter. Our country is interested in the 
deterrent feature of this indemnity, both in its making 
Germany impotent for a new attack and in serving as 
an example of the damage incurred by an unsuccessful 
attack. ‘Those who are seeking to shield Germany may 
forget that the nursing which gives her strength to pay 
gives her later also the strength to reattack, and that a 
great present indemnity would probably have the bene- 
ficial effect of causing many of the most enterprising 
Germans to emigrate and thus to lessen Germany’s 
power for harm, without lessening the usefulness of any 
individual immigrant. 

In the discussion of this and like matters we are so 
profoundly interested, because they bear so strongly on 
Germany’s tendency to reattack, that we ought to exert 
great weight. 

You may say that such details should be left to our 
representatives. liven so, our people should be enabled 
to exert their influence on the basic, underlying deci- 
sion between coddling and sternness, between restoring 
to the thug his strength with which to repay us or to 
reattack us as he sees fit, and visiting on him a just 
_penalty for his crimes. (Applause. ) 


Juncr Gary: Following the usual custom, I am 
going to give you the chance for the last say, through 
the speaker whom you may select. 

(Many cries for Mr. Schwab. ) 


Tue CHAIRMAN: It seems to be unanimous, Mr. 
Schwab. (Great applause. ) 
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Mr. Scuwas: Mr. President, ladies and gentle- 
men: 

The Judge told me this evening “You will have to 
speak; the boys will not let you off.” “Well,” I said, 
“I am talked out and worn out.” He said “Have 
you ever stood at the door of the hall as the people 
passed out and listened to the comments on your 
speech?” TI said “Yes, I did once and I will never do 
it again.” (Laughter.) | 
' I listened with great interest to Uncle Joe Butler’s 
speech. Uncle Joe has always been an interesting 
character in this great meeting of ours, a man who is 
loved, a man who is admired, and a man who has the 
respect of everybody. (Applause.) He said “The rea- 
son I did not come here last year—” and the same thing 
was backed by Rogers—‘“ was because I was jealous 
of the popularity of the King of Belgium; he was go- 
ing to be here at that time.” 

Well, now, I am going to make a confession to you 
people of something that happened in Brussels with the 
King of Belgium and Uncle Joe Butler. The King 
of Belgium gave the great dignitaries of the Iron and 
Steel Institute a reception a few years ago. We went 
up to his palace and there we stood in an impressive 
line, with Judge Gary at the head and Willis King and 
lesser lights on down the row (laughter); Joe Butler 
down pretty near the bottom (laughter); the King 
came in and was quite effusive with the J udge (laugh- 
ter)—of course he is a great and discriminating man; 
he recognized that the Judge needed attention (laugh- 
ter)—but Willis and the rest of us were passed along 
with a few formal words of “How do you do,” and 
“Glad to meet you,” until he came to Uncle Joe But- 
ler, when the great and mighty King of the Belgians, 
who deserves all the acclaim that the world can give 
him, with his discrimination as usual, talked for twenty 
minutes with Joe Butler. (Laughter. ) : 

Well, naturally, we were all jealous and wondered 
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why; so I got Joe in the corner afterwards and asked 
“Joe, how does this happen?” ‘Well, sir,” he answered, 
“before I left New York—expecting this reception—I 
took a copy of a book that I once wrote called ‘Presi- 
dents Whom I Have Known, and I had the royal coat- 
of-arms of Belgium-placed thereon and inscribed to the 
King of the Belgians, by the celebrated American au- 
thor, Joseph Butler, Jr., of Youngstown, Ohio.” 
(Laughter). He said “The night before we went to the 
reception I sent this book by special messenger to the 
King of the Belgians, and of course he realized that I 
was not only a steel manufacturer, I was not only an 
orator, I was not only the builder of the McKinley 
Memorial, with all the bronze statues of steel people in 
it, but I was a great author as well, and therefore I re- 
ceived here in this foreign country only the deserts that 
- L ought always to receive in my own country.” (Laugh- 
ter. 

a the same trait of smartness that enabled Uncle 
Joe to attain that recognition in a foreign country are 
the traits that enabled him to reach the top of the steel 
industry here in America, and nobody envies him his 
position. 

With reference to my old friend Willis King, I have 
always loved to take a shot at him. (Laughter.) 

You know since Willis has been so ill he has become 
religious; he didn’t have much religion before that, be- 
cause he sold steel (laughter); but Willis is now an 
elder in the church. He had a strike a short time 
ago. A fellow came to see me in Bethlehem and 
wanted a job as choir leader. I said “What is your 
reference?” He said “I have been discharged by Willis 
King.” I said “That is a good reference.” (Laugh- 
ter.) I said “What were you discharged for?” He 
said “I don’t know, but during this strike Willis was 
walking down the aisle of the church and I ordered the 
choir to sing ‘Strike, Strike for Victory’ ” (laughter) ; 
and he said “Willis sent for me the next day and dis- 
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charged me.” Well, we have got that fellow up in 
Bethlehem now. I do not know what Grace is going 
to do with him; he does not know anything about music 
—and so I hope he will succeed. 

Willis had his extemporaneous speech well prepared 
here this evening and I got it out of his possession and 
put it in my pocket and was making my way out of the 
hall when John Topping caught me and brought me 
back. Willis was in a terrible state of mind until he 


got that speech back. It reminded me of the story of _ 


two men, an old and a young man, fishing on a log 
down in Alabama; the young man fell in, the old man 
jumped into the river and rescued him, saved him and 
brought him out; a passerby, seeing the act, said “He 
must be your son,” and the old man said “Oh, no, no 
relation of mine at all, but he had my fishing bait in his 
pocket.” (Laughter.) And so it was with Willis. 

Now I am coming to our distinguished Chairman’s 
speech today. So much was said in it that was inter- 
esting and true, but there is one thought which occurred 
to me that I think every man in this room will second, 
and that is that it is not so much the speech today that 
has made us think, admirable as it was, but my thoughts 
went back to the twenty years’ guidance of this great 
Steel Corporation through its shoals and difficulties until 
finally it reached the decision of the highest tribunal in 
the land, the Supreme Court of the United States, and 
there found to be right and organized in the interests 
of economy, and that by its conduct it had reflected 
credit upon every steel manufacturer in the United 
States. (Applause.) 

Judge Gary gave you the specifications today for a 
President. Joe Butler heartily seconded them. . I 
would add only this: The President of the United 
States of the future should be a man capable of realiz- 
ing that no one man could possess all the qualities neces- 
sary for the conduct of the various Departments of the 
Government, but he should have the ability to select for 
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the various Departments of the Government of the 
United States, the ablest men to be obtained, regard- 
less of politics: that they guide and direct their various 
Departments and have the responsibility of so doing, 
under his general direction. He should be a man who 
could so encourage and promote harmony throughout 
all the Departments as to obtain the best results, and, 
gentlemen, no man is so well qualified to carry out these 
ideas, as exemplified by his own business and the re- 
sults made manifest in this gathering, as the honored 
President of the American Iron and Steel Institute. 
(Great applause. ) 


Voices: Three cheers for Judge Gary. 
(A rising three cheers was given.) 


Mr. Scuwas: Boys, we seem to be a unit in this © 
Iron and Steel Institute; and why shouldn’t we be?’ 
That is what we were organized for; and Judge Gary 
has been the man that has encouraged us to believe in 
each other. 


Voices: That is right. 


Mr. Scuwas: Judge Gary has been the man who 
has taught us to be loyal to each other, and what quality 
is there in life, what quality in manhood that you would 
play second to the quality of loyalty? My friends, let 
us be loyal, loyal to our officers, loyal to our president, 
loyal and proud of our business, and loyal to each 
other; and then we will have the successful Institute 
that we now promise to be and as we are and ever will 
be. Loyalty, steadfastness, honesty of purpose, un- 
selfishness in business: these are the underlying prin- 
ciples that have made our Institute what it is; that will 
make our Institute grow; that will bring us happiness, 
pleasure, contentment in life and success in business in 
the future. 

Now, my friends, I have always been spoken of as an 
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optimist. Willis King spoke of the fact that we ought 
to have an association with each other of a closer char- 
acter, in the form of a newspaper or periodical that 
might be circulated. ‘The thought crossed my mind at 
that time that I would like to see this association even 
closer than that; I would like to see us, for example, 
lend money to each other. (Laughter.) 

You know there is no tie that binds like the tie of 
money owed to you. (Laughter.) I love my old 
friends and I love the ties that bind me to my old 
friends; but I am willing to add new ties, Willis. 
(Laughter.) I am willing to be closer bound to such 
friends as you and Judge Gary, and Mr. Rogers, and 
Joe Butler, and the thousands of friends I see about 
here; and if any of you want closer relations with me, 
well, there are directions in which, in quiet consultation, 
I shall be glad to accommodate you. (Laughter.) 

I am an optimist. I came here from Europe two 
years ago rather pessimistic as to the outlook. Well, 
you will get that way when you travel over the battle- 
torn fields of France and Germany; you come home 
feeling depressed.. But you cannot be long in this 
glorious land of ours and you cannot rub shoulders long 
with the American citizen, nor be associated with him 
for a very long time in the intimate relations that we 
have, without the spirit of optimism bubbling up into 
your soul and making you an American citizen; and 
what is more, an iron and steel manufacturer, in spite 
of the delays and in spite of the difficulties that we will 
meet from time to time, cannot help being optimistic. 
Let us be optimists! Let us think optimism. Let us 
go and develop our industry and develop our work; let 
us go on and develop our good friendship; let us go on 
and make the United States of America produce not 
only 40 per cent. of the steel, as J udge Gary said today, 
but let us increase it from year to year until we see the 
United States the dominant factor of the great majority 
of manufacturers of steel for the world. (Applause. ) 
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Judge Gary spoke today of these tremendous per- 
centages that the United States in its various manufac- 
tures produced: 40 per cent. of the steel, 60 per cent. of 
the cotton, finally 85 per cent. of the automobiles. My 
optimism commenced to grow and grow. Then I 
thought “Well, there is something that the Judge has 
left out. There are some things that have not increased 
as I should like to have seen them increase.” Somehow, 
this production of good things to drink, J udge, has gone 
toa low quarter! (Laughter. ) 

What are we going to do? We have got to have 85 
per cent. of the automobiles if we have not got anything 
to drink! (Laughter.) 

I offered a resolution—and I want the boys to know 
it, and I believe they are in favor of it today—that we 
hold our next meeting up in Canada, where we are not 
restricted in our desires. (Applause.) 

Now, boys, Captain Hunt said we old fellows had to 
go home and get to bed. Honestly, I am not going to 
make you any speech; I am played out, I am talked 
out, and I am worn out; but with my lack of ability to 
speak to you and interest you, as that diminishes year 
by year, with less vigor as the years are added, the love 
of old friends and associates grows in like proportion: 
there is no happier day in my life than this, the day of 
our annual meeting here in New York, when I come 
into this crowd and see Tom and Jim and Harry, and 
the men I have been associated with forty years in the 
mill, and the men older than I, whom I have felt 
honored and proud to know all these years: (Applause. ) 
May God spare us many such meetings as we have had 
here today. 

When I see this splendid gathering tonight, and 
compare it with the first, T am reminded of a little in- 
cident which occurred on my farm that T told you about 
last time. I was walking with a great deal of pride 
down through a garden on which I had spent some of 
the money I would like to borrow now (laughter), and I 
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saw a workman in the garden there that was a boyhood 
friend of mine, looking over this great estate in the little 
country village, whose only distinction is that it has less 
people in it now than it had one hundred years ago. I 
talked with him and said “Well, Dick, you never ex- 
pected to see anything like this at Loretto, did you?” 
“No, Charley,” he replied, “and you didn’t either.” 

I never expected to see such a meeting as this here 
tonight; you didn’t either, boys; but here we are, happily 
situated, healthy, loyal, as I said before, knowing the 
Judge, and full of good fellowship. Long may it con- 
tinue. You will find the friendships you make here will 
be the lasting friendships; you will find the happiness 
you reap in these friendships will be one that brings the 
deepest thrill to your heart. God bless you all. Success 
to our Institute. Good health and long life to its 
officers. Happiness and prosperity and good wishes to 
you, all its members. Thank you. (Great applause. ) 


Jupce Gary: I wish publicly to thank Mr. Schwab 
- for his unbounded confidence and friendship, personal to 
myself. I wish to thank him for the words of inspiration 
which he offers to us on every occasion, and I wish to ~ 
acknowledge to each one of you my indebtedness. 

I think all of us are better men because of our ac- 
quaintanceship, because of our associations these years, 
which have been so pleasant. And now I bid you good- 
night. 
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AMERICAN IRON AND STEEL 
INSTITUTE 


EIGHTEENTH GENERAL MEETING 


NEw YORK, OCTOBER 22, 1920 


The Highteenth General Meeting of the American 
Iron and Steel Institute was held at the Hotel Com- 
modore, New York City, on Friday, October 22, 1920. 

Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the 
large number present, the morning session was held in 
the Grand Ballroom. The afternoon session was held 
in the East Ballroom. The evening session, which in- 
cluded the semi-annual dinner, was held in the Grand 
Ballroom. The sessions were devoted to the reading 
and discussion of papers dealing chiefly with problems 
of metallurgy and business. ‘The attendance at the 
evening session surpassed all previous records, more 
than fifteen hundred members and guests being present. 

On the following page will be found the program of 
_the meeting. Judge Gary, President of the Institute, 
presided at the morning session. At the afternoon ses-- 
sion Mr. Charles M. Schwab, Vice-President, presided 
from the opening of the session until the close of the 
discussion of Mr. Buck’s paper by Dr. Unger. Mr. 
Willis L. King, Vice-President, then took the chair and 
presided until the close of Mr. Abbott’s paper. Mr. . 
John A. Topping, Vice-President, presided during the 
remainder of the afternoon session. Judge Gary acted 
as toastmaster at the evening session. 
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ADDRESS OF THE PRESIDENT 


ELBERT H. GARY 
Chairman, United States Steel Corporation, New York 


Gentlemen, to have such a cordial and friendly recep- 
tion is certainly worth living for. It is especially pleas- 
ing to me because I know with your applause you are 
really voicing your sentiment in favor of the American 

Tron and Steel Institute. 

I am glad to assure you that from my experience I 
believe this Institute is known and respected through- 
out the entire world. We could hardly have imagined 
at the outset of our organization we could make such 
progress or could so firmly establish ourselves as an 
institution which now commands the attention and the 
confidence and the esteem of not only the iron and steel 
producing industry of the world, but of all other lines 
of enterprise as well. 

Our industry has been considered one of the basic 
industries of the world. This means that it will have 
an influence upon the whole industrial situation. 'There- 
fore, it is with a feeling of pride that all Americans 
who are connected with this line of business are imbued 
when they travel in foreign countries and hear the words 
of praise. 

Gentlemen, I think we are all to be congratulated 
that we are members of the American Iron and Steel 
Institute. 


Turn SITUATION IN FRANCE AND BELGIUM 


Adopting the suggestion of a member of this Insti- 
tute, I will on this occasion speak of the situation in 
France and Belgium, respectively, as it appears to me 
after a sojourn of two months in those countries. Dur- 
ing my vacation I was in Belgium for about a week, a 
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few days in Spain, and the remainder of the time in 
France. 

The present conditions are, as a matter of course, 
closely related to and influenced by the terrible and de- 
structive world war, which was precipitated August Ist, 
1914, and ended with the armistice of November 11th, 
1918. 

I spent four days and a large portion of another in 
traveling by motor over the battlefields in Belgium, and 
six days of about twelve hours each in France. In the 
former I was accompanied, in some parts, by a Belgian 
Major, who was an active participant in the military 
campaigns, and, in other parts, by different well-posted 
gentlemen. In France, a large part of the time, I was 
under the leadership of the distinguished, able and well- 
informed engineer, Colonel Philipe Bunau-Varilla, an 
active member of the General Staff, who had charge 
of the supply of water to the army and was wounded 
nigh unto death by aeroplane bombs, losing one leg 
and suffering a fracture of the hip and spine. These 
wounds would certainly have caused his death, except 
for the prompt, heroic and skillful attention given to 


him by the wife of the noted surgeon and scientist,_ 


Dr. Carrel, herself a professional of great skill and 
distinction. 

In Belgium, I visited Malines (Mechlin) by motor, 
the home of the world-admired Cardinal Mercier, whose 
heroism and tact at a critical period astonished the Ger- 
man leaders and probably saved thousands of lives, and 
whose palace was struck by German shells. From there 
I proceeded to Louvain, whose magnificent library 
building and priceless contents, together with scores 
of other buildings in the city, including the cathedral, 
were ruthlessly destroyed or badly damaged. On my 
return to Brussels I visited, in the outskirts of the city, 
the place where Edith Cavell was shot by a firing squad. 
If it could be admitted that she had technically violated 
the military rules, the Germans made a great blunder, 
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for they killed a pure and well-intentioned woman and 
brought upon themselves the condemnation of almost 
the entire universe. Scores of others, including one 
womian, were shot at the same place at various times, 
many of whom were doubtless innocent. Another day 
I visited the large steel plants near Liege, and, still 
another day, those at or near Providence. These will 
be referred to later. One day, practically from day- 
light to darkness, was occupied in going to Courtrai, 
Messines, Kimmel Hill, Ypres, Dixmude and many 
other localities where previously thriving villages or 
cities had existed. Later I traveled along the coal dis- 
tricts, first in Belgium and thence westerly along the 
same ridge into France. 

Still later, I crossed the battlefields in France from 
east to west, and north to south, taking in the principal 
locations and following the lines of march and battle 
of the different divisions, Americans, French, English, 
Canadians, Belgians, Australians and Moroccoans; 
yes, and Germans. ! 

Doubtless you have heard more than once that it is 
already becoming too late to see the evidences of war. 
This is emphatically erroneous. We could wish the 
contrary. Much of the devastated territory will not be 
restored for many years to come, and some of it prob- 
ably never. There are districts, for instance, in the 
vicinity of Ypres, Chemin des Dames, Verdun, Rheims, 
and many others, where for miles upon miles every 
square foot was fought over many times and every- 
thing above ground was either totally destroyed or 
nearly so—villages, cities and forests; and even the 
surface of the ground was churned into great masses 
of rough and irregular shapes. Buildings were ground 
into atoms, so that the places of hundreds of previously 
existing villages can now be located only by signs which 
have been temporarily placed there. In many places 
thousands of trees along the roads and in forests were 
cut off down to the ground. Highways, railroads and 
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other improvements were torn up and many destroyed. 
There are many farm lands where shell holes thickly 
cover a large territory, some of them forty or fifty feet 
across at the top and not less than ten feet deep. There 
are numerous great craters caused by the blowing up of 
mines which resulted in heavy loss of life. At present 
there may be seen tunnels through hills, and trenches, 
dugouts, “pill-boxes” (or German concrete buildings for 
the protection of men and their cannon placed at advan- 
tageous positions), barb-wire barricades, one behind 
another, miles deep, wire enclosures for prisoners, debris 
of all sorts, including disabled tanks, caissons, cannon 
and war materials, used and unused, improvised rail- 
road tracks running in every direction, huge piles of 
steel scrap, road-building and other dirt-removing 
machines. The wonder is that so much damage and 
ruin could be wrought, even in four and one-half years, 
and great wonder that, with such intensity and force 
of powder, dynamite and other explosives, acids, liquid 
fire and gases, which often destroyed even deep trenches, 
any human beings, especially the majority, could have 
survived. 

I have no doubt that next summer and later there 
may be seen miles of territory, in France especially, 
which bear witness to destruction and devastation far 
greater than the human mind, prior to the late war, 
could have imagined possible. 

You should visit Europe and for yourselves visualize 
the horrors of war and thus be more competent to pro- 
nounce against it except as a last and desperate resort. 

In the cities, such as Ypres, Arras, Lens (the great 
coal center), Rheims, Verdun and scores of others, there 
appears to have been a disposition and effort to destroy 
the finest buildings, including the large cathedrals, hotels 
de ville and other public buildings. Much of this, no 
doubt, was the natural and perhaps legitimate result of 
military conflict; but a good deal was caused by the Ger- 
mans from motives of spite or for purposes of intimida- 
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tion. The cathedral at Rheims, which was nearly 
destroyed, the library building and many other struc- 
tures at Louvain, and large numbers of cathedrals and 
other public buildings at other places, might and should. 
have been spared. There were coal mines and factories 
which were purposely and maliciously destroyed, some 
of them outside of the regular line of march or the zone 
of battle. The firing upon Paris by the Big Berthas, 
which badly damaged the Church of St. Gervais and 
killed 90 occupants and injured the Madeleine and other 
buildings, and the dropping of bombs upon innocent 
people living in undefended and defenceless cities were 
unjustified and wanton. The City of Senlis, about 
twenty-five miles from Paris, was practically destroyed 
by dynamite in August, 1914, and the Mayor and six 
other citizens were placed against a wall and shot for the 
alleged reason that the Mayor had not ordered all in- 
habitants to deposit their shotguns at the City Hall as 
the Germans had previously directed by proclamation. 

Referring to the principal steel mills in Belgium and 
many in France, the Germans, at the beginning of the 
war, removed some of the best mills and machinery to 
their works in Germany, operated portions that were 
left intact and imprisoned for months or years many of 
the managers. About or a little after the time the 
United States entered the war the Germans practically 
destroyed what was left at these plants, using dynamite 
or other explosives, or big hammers or the torch. 

But there is evidence to show that many of the build- 
ings in cities or villages were damaged or destroyed in 
legitimate warfare; many of them by the Allies. In 
motoring through these places one will find still remain- 
ing many walls, or parts of them. Some contain holes 
made by shells of large caliber. From the holes in, or 
marks on, the walls it is usually not difficult to determine 
the direction from which the shells were fired. More- 
over, remaining walls of buildings along either side of 
the street contain innumerable marks of bullets made by 
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rifle shots. The slant of the holes or marks indicate 
which direction the shots came from. In some cases they 
came from the Germans; in some cases from the Allies; 
and more frequently from both. 

It should be remembered that armies practically can- 
not proceed except over public highways; also that in 
France the farmers congregate in villages, instead of liv- 
ing upon the farms as'they do in the United States. 
Also, in considering this matter it must not be forgotten 
that a defending army seizes upon every means of de- 
fense, utilizing the buildings and stone walls of a village 
or city whenever possible. Consequently, the approach- 
ing army is compelled, by the use of large guns, to raze 
the buildings and walls before entering the village or 
city. This was true of both armies. I know it has been 
said that when the German army retreated it viciously 
destroyed all the villages it passed through. The state- 
ment should be modified. I saw several places where 


previously existing buildings were completely de-_ 


molished during the retreat of the Germans admittedly 
by American soldiers. And when we consider that as 
the Germany army was compelled to protect its rear 
columns to enable the army to escape it seems reason- 
able to suppose that the buildings were occupied by 
German soldiers and guns and that the Americans were 
Justified in destroying them. Indeed, there are many 
cases where the villages were finally cleaned up by 
hand-to-hand fighting, and some of our soldiers actually 
went into occupied rooms in buildings and bayonetted 
German soldiers at their guns. Several were decorated 
by the Government or military commanders for doing so. 

I am not suggesting that the German soldiers would 
not or did not perpetrate many dastardly acts of vio- 
lence, cruelty and destruction ; however, it is wise and 


politic to be accurate and fair in discussion concerning 


the conduct of anyone, even a bitter enemy. A different 
course generally weakens the whole argument, includ- 
ing that which is sound and based on the facts. ‘lids 
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not remarkable that the minds of men and women 
throughout the world became abnormal and uncontrol- 
lable. On the contrary, it is gratifying that larger num- 
bers have not become demoralized. 

Just now it is especially interesting to note what is 
being done in Belgium and France towards reconstruc- 
tion and rehabilitation. 

Of first importance, always, is the question of food 
and shelter. In devastated districts in both countries 
diligence has been used in clearing and leveling farm 
lands and raising crops. Much has already been accom- 
plished, though there is still more to be done. In Bel- 
gium, particularly, large numbers of new and additional 
brick-yards have been established, brick are being manu- 
factured and many new brick buildings are completed 
or in process of construction. This is true to a some- 
what less degree in France. Hundreds, and perhaps 
thousands, of new cheap frame buildings have been 
erected in each country where villages were destroyed. 
It is said many have been provided by relief agencies or 
associations. Parts of buildings where walls were left 
standing, have been roughly enclosed and are occupied 
as family residences. In Belgium, and to a less extent 
in France, many sheet iron camp buildings, which in 
shape are represented by the half of a large tube, were 
left by the British army and are occupied by families. 
In some places, dug-outs are thus utilized. In short, 
everything at hand which is usable has been appropriated 
for shelter. Of course, the chief difficulty in more 
rapidly providing homes for those whose property has 
been swept away is the lack of money, with which you 
are all familiar, and towards which you have contributed 
and are contributing. The sight of deprivation and 
suffering is sad and pitiful and all of us are glad we have 
been able to render some assistance. It is to be regretted 
that our heavy and burdensome income taxes make us 
all comparatively poor. 

At the steel mills in Belgium and France they are 
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working day and night to rebuild and they will somehow 
and in some way soon be on a full working basis, better 
equipped than ever, though the lack of money and the 
rates of foreign exchange are perplexing and trouble- 
some. I asked some of our friends in charge when they 
commenced to rebuild, and generally received the answer 
that on the next day after the armistice they began work 
by studying, making plans, etc. 

I left Brussels, on my return to Paris via the battle- 
grounds of Belgium and France, at daylight and on the 
streets saw men and women at or going to their work. 
Also, on the farms there was the same activity. In the 
country districts of France, coming from the extreme 
south to Paris on my return from Spain, I saw the same 
thing. Sad to say, however, I noticed generally that the 
larger numbers of working people were old men or 
young boys or women. Between fifty and sixty-six per 
cent of the stalwart young men of France lost their lives 
or were permanently disabled during the war. This is 
perhaps true of Belgium. 

It will be appreciated that the life and spirit of the 
inhabitants of these ravaged countries, including cities, 
villages and elsewhere; are not yet the same as before 
the war, notwithstanding you may have heard the 
contrary. ‘There is a sombre atmosphere, strikingly 
noticeable to a visitor—less gaiety and liveliness. Crip- 
ples are not much in evidence; complaints never heard. 
Amongst the masses there is a good-natured, grim, per- 
sistent and splendid effort to succeed, to restore and to 
recover. ‘They realize that hard work is necessary ; that 
they must help themselves to the full extent of their 
ability; and they are willing and cheerful. They mourn 
for the_loss of home and property and more for the loss 
of friends, but they are practical and reasonable. They 
are thrifty, and France and Belgium have a good future 
in consequence. ‘This is a candid and not overdrawn 


Statement of the situation as it appears to me from close 
observation. 
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Added to this is the all important fact that the Gov- 
ernments of the two nations are prompt to consider the 
interests and necessities of the people. The King of 
Belgium is beloved and trusted by his people and 
reciprocates by studying their needs and desires, and 
does all that is humanly possible to contribute to their 
welfare. His ability and wisdom are unquestioned. All 
this I obtained from the lips of many persons in different 
walks of life, for I made it a business to inquire when- 
ever opportunity offered. 

Likewise, I think France has one of the best adminis- 
trations she has ever had. The new President is strong, 
resourceful, honest and has the confidence of everyone. 
The Cabinet is made up of good men. We shall see great 
progress economically, financially, and commercially 
during the next few years. 

I have referred to the great majority of the in- 
habitants of these respective nations, one a republic and 
one a monarchy, but both truly democratic. I know of 
no democracy more real and genuine than Belgium. 
Still, I think it must be admitted that the virulent, ob- 
noxious germ of bolshevism, which means anarchy, the 
rule of individual force directed against law and order 
and liberty, has been brought to these countries by 
vicious, unworthy and selfish persons, and that to some 
extent others have become infected—some perhaps in- 
nocently, but most of them because they are of the 
criminal class. However, the Governments are strong 
and vigorous and will have the support of the large 
majority of the people in the protection of property 
and home and family. Most of the men, and practically 
all of the women, are industrious and in a measure are 
or will become property owners, and, especially, do they 
love peace and progress and prosperity. Millerand, with 
all his ability, firmness and fairness, and King Albert, 
with his solid, clear-visioned and noble disposition, 
backed by their respective parliaments, will be a bulwark 
against the encroachments of crime and despotism. The 
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only true road to progress and prosperity is marked by 
the direction signs: “Law and Order,” “Hard Work,” 
“Economy,” “Saving.” This route the greater number 
of the citizens of France and Belgium are pursuing. 
This will eventually lead them to a restored and re- 
habilitated country, better and stronger than ever before 
and quite likelysooner than most of us have realized. 

On the whole I am of the opinion that both France 
and Belgium should be well satisfied with conditions and 
prospects. They are making good progress and with 
increasing momentum. They are in better shape than I 
had expected to find them. Rates of exchange are un- 
reasonably high and almost prohibitive, but foreign 
money is being received in larger and still larger 
amounts by reason of growing exports and otherwise, 
and eventually these will, we hope soon, have a decided 
and beneficial effect. 

Both France and Belgium need and deserve all the 


financial and commercial assistance from the people of | 


the United States that is proper, reasonable and prac- 
ticable, and this will be accorded. 

Before I left the United States for Europe, I heard 
it stated on more than one occasion that Frenchmen were 
much dissatisfied with, and in fact more or less bitter 
towards, the attitude of Americans concerning the after- 
effects of the war. Naturally, I took particular pains to 
ascertain the facts in regard to these matters. It was my 
good fortune to meet large numbers in France, includ- 
ing working people, shopmen, business men, newspaper 
men and public officials, and I am fully satisfied that 
there is no just ground for the assertions referred to. 
There may have been utterances of this kind by a few 
but, if so, they do not represent the current of opinion. 
I heard only one unfavorable criticism and I think it was 
made on the basis of a misunderstanding. It related to 
the proposed League of Nations and it was made under 
the mistaken belief that the American people had 
promised to ratify the proposed League in the form 
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reported. The French are very f riendly towards Amer- 
icans and they are deeply grateful for the service ren- 
dered during the war. The relations between these two 
countries are more cordial and better than ever before, 
and they ought to be. Emphatically this sentiment also 
applies to Belgium. © 


THE AMERICAN SOLDIERS 


I have heretofore, in addressing representatives of 
the iron and steel industry of the United States, spoken 
of the splendid services rendered at critical times by the 
soldiers of different countries serving with the Allies. 
All this was true and not overstated or exaggerated. 
None can study the situation on the battlegrounds with- 
out being thrilled by the valor, heroism and sacrifices of 
these men. 

On this occasion, I: deem it appropriate to briefly 
allude to the American soldiers in connection with this 
stupendous world combat. I followed their marches and 
lines of battle from the start to the finish. Their bravery 
was never excelled. Their efficiency, hardihood and 
military success on the average was equal to the best 
ever known. This is testified to by the leading officers 
of our associates in the war. - They possessed qualities 
not previously understood or reckoned with by the Ger- 
mans; and they were victorious by reason of these quali- 
ties. The Germans were scientific and methodical to a 
degree never before possessed by large armies. ‘Their 
preparations for offense and defense, their accuracy in 
calculation as to distances and concentration, their dis- 
coveries and developments concerning implements of 
warfare and munitions together with their application, 
their means of transportation of all supplies, their 
general tactics, were all marvelous and astonishing. But 
they were lacking in one thing the American soldiers 
possessed in larger degree and that was resourcefulness 
and initiative in times of sudden emergency. If the 
Germans’ war machinery, organization and system, so 
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perfect in construction and use, suddenly failed at any 
point, like the breaking of a belt or cog, the difficulty 
apparently could not be readily overcome; while the 
Americans were keener and quicker in perception and - 
execution at critical moments arising unexpectedly. 

I may mention three instances: At Cantigny, the 
First Division (the first Americans to arrive in France 
and the first to go into action as an independent factor), 
secured a substantial victory. Cantigny was situated on 
a high ridge and the German army was contiguous, 
occupying the ridge and the slopes. The position had 
been held as ‘impregnable for a long time. The Amer- 
icans were located on a similar ridge, some distance to 
the west and southwest. There is a valley between of 
considerable width. Without exposing their con- 
templated action the American troops concentrated their 
men, guns of all calibers, munitions and other supplies, 
aeroplanes, gas facilities, foodstuffs, etc., and on May 
28, 1918, at 5:30 a. M. (the zero hour), with 250 pieces _ 
of Allied artillery, the village of Cantigny and trenches 
adjacent were deluged with the largest and most de- 
structive shells, and the stone walls of the village soon 
began to crumble. At six-thirty o’clock, under the pro- 
tection of an adequate barrage, the Americans at double- 
quick charged across the valley and up the slopes, shoot- 
ing and bayonetting and smothering with gas the 
German soldiers, and then drove the survivors to the 
farther slope of the ridge. Before the enemy could 
recover, the Americans established themselves on the 
easterly ridge, of which the Germans could not and 
never did regain possession, although they several times 
attempted to do so. A fine stone monument, designed 
and donated by the American artist, Joe Davidson, with 
its bronze tablets, informs the visitor of the names of 
several hundred American soldiers who sacrificed their 
lives, in perhaps as many minutes, in a demonstration of 
the idea that well-directed, rapid, desperate and per- 
sistent fighting at great sacrifice will save the largest 
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number in the long run. The village of Cantigny was 
practically annihilated. 

This brilliant, intelligent and sturdy assault by the 
American officers and soldiers startled and frightened 
the German troops, and from this fright they never 
fully recovered. j 

Of Chateau Thierry you are perhaps well informed. 
The American army, including the famous Second Divi- 
sion, was stationed at the point of the salient which the 
enemy had driven into the territory of the Allies. The 
Americans were commanded to hold their positions on 
the south banks of the Marne. With the most stubborn 
and sanguinary fighting, they maintained the position 
with alternating fluctuations, most ably sustained by 
their artillery. Finally, by great determination and 
courage they drove the enemy across the river and back 
into the village. With superb intelligence and quickest 
perception they measured the strength and morale of 
the Germans at that point and they clearly com- 
prehended the exact situation. Contrary to, or at least 
in excess of, their orders, the Americans with almost 
superhuman speed crossed the river and hastily placed 
pontoons or bridges previously prepared by the en- 
gineers corps, and then assumed an offensive with such 
force and skill that the Germans slowly, though with 
desperation, retired until the retreat was converted into 
a rout. 

These successes demoralized the whole German 
army. They could not then nor ever afterwards recover 
and re-establish their lines. 

This initial offensive was seized upon by General 
Foch to immediately develop and energetically push and 
continue a general movement which he had previously 
contemplated and carefully planned. It was indeed the 
beginning of the end. 

Again, about two months later, with various suc- 
cesses intervening at Belleau Wood, St. Mihiel and 
other important places, it was decided by General Foch 
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and others, including General Pershing, to assault the 
enemy at the Argonne Forest, so-called, a strip of woods 
about five or six miles wide and perhaps twenty-seven 
miles.in length, with open land adjacent on either side. 
This stronghold had been held by the Germans for four 
years. All conceivable measures for defense had been 
perfected, caves, dug-outs, “pill-boxes,” trenches, forti- 
' fied positions, barb-wire fences in the forests, miles deep, 
and various arrangements for enfilading an approaching 
army had been provided. Telegraph and telephone 
wires in great abundance had been constructed. Places 
of occupation for living, training and recreation had 
been built underground, means of receiving supplies of 
every kind, including reinforcements when and as 
needed, had been arranged for. At Montfaucon near 
the forest, the Crown Prince had established his head- 
quarters in a strong cement structure and underground 
caves, with observation tower from which, through a 
periscope, he and his staff could see long distances. This 
was probably the best protected defensive fortification 
ever designed and completed. Previous attempts to take 
the position had failed with great loss of life and dimin- 
ished morale of the Allied army, and after the expendi- 
ture of large sums in preparation. 

General Pershing, at his own request, with an army 
1,100,000 strong, was assigned to the task of driving out, 
capturing or killing the Germans defending. It was 
argued that no other army, in view of past experiences, 
would have the dash and even reckless courage to at- 
tempt this herculean task. General Foch seems to have 
appreciated the argument. You know the rest. After 


careful, consistent and well-considered preparation, the 


offensive was commenced and pursued day after day 
without interruption until the German army, or such 
parts as survived, were forced to evacuate and the Amer- 
ican soldiers enabled to occupy positions which per- 
mitted them to reach with their big guns the Metz-Lille 
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supply railroad. This meant to the Germans surrender 
or destruction. 

This great victory broke the German army's back. 
There was never afterwards any hope for victory to the 
arms of the Central Powers. 

When all the facts and figures are assembled, authen- 
ticated and published, I think it will be generally ad- 
mitted General Pershing at Argonne led the largest 
independent army and gained the greatest single victory 
in the history of battles. All honor to him and to the 
_ multitudes of men who fought under him! 

But there is glory enough for all the armies of all 
the countries who were arrayed against the German 
soldiers. Except for the brave, efficient, sacrificing and 
magnificent soldiers of Great Britain, France, Belgium, 
Italy and their allies, American soldiers and American 
snterests would have been jeopardized, if not destroyed. 
We cheerfully acknowledge our obligations to all of 
them. 

The right has prevailed. Freedom, liberty and jus- 
tice have been re-established; but at enormous cost. 
Millions and millions of men have been lost «In 
the battlefields are hundreds of cemeteries containing 
the bones of fallen soldiers of all nationalities. At Bel- 
leau Wood alone there are 2,600 graves of American 
soldiers, and at the Argonne cemetery not less than 
21,000. There are others containing large numbers; all 
beautifully adorned and kept, and under the control and 
direction of representatives of the Y. W.C. A., who live 
in rest houses adjacent. The grave of Quentin Roosevelt, 
which I visited, is alone in a field where he fell in battle. 
There has been erected a plain and simple monument to 
a brave and patriotic young man, the son of a great man 
and profound scholar, of supreme and generous devo- 
tion to his country, who, together with all the members 
of his family, has ever been respected and loved by the 
American public. 

I think ex-President Roosevelt was right in desiring 
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to have the body of his son permanently buried where he 
fell in battle. It is a mistaken judgment on the part of 
friends and relatives of deceased soldiers to request or 
wish their remains taken up and removed to the United 
- States. From either a sentimental or practical stand- 
point, they should be left where they were originally 
placed. Careful and honest inquiry will convince anyone 
that the opinion thus expressed is justified by the facts. 


THE Business OuTLOOK 


Although this is a time for courage, composure and 
caution, the business skies are practically without clouds. 
As always, there may be showers from time.to time, but 
there is nothing in the atmosphere to indicate the ap- 
proach of dangerous storms. It is up to the business 
men and women to maintain certain and continuous 
business activity in satisfactory volume with fair and 
reasonable profits. If there should be a serious reaction 
and depression, which now seems improbable, it will be 
the fault of those who are connected with business opera- 
tions or others who, by reason of official positions, im- 
properly interfere, and not because of any fundamental 
deficiencies in our resources and opportunities. We may 
without hesitation face and discuss any and all facts that 
bear upon the subject of future economic progress, and 
we may frankly and openly admit any truth which con- 
cerns the immediate future even though it might, in some 
respects and to some minds, appear to be unfavorable. 

In certain lines of the iron and steel industry there 
have of late been some decreases in the volume of new 
business and also voluntary reductions in selling prices. 
I consider this decidedly healthful. All, or nearly all, of 
us have for months been unable to supply the demands 
of our customers as to quantities or deliveries and our 
prices, considered as a whole, have resulted in profits. 
As a matter of course some adjustments will need to be 
made. 'The average of the general scale ought to be 
reduced equitably and relatively. Without referring to 
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individual cases or lines of general business, I believe in 
many instances prices have been outrageously high. This 
observation applies more especially to middlemen, so 
called, and to smaller departments of industry. It also 
includes employees in certain trades; but it does not per- 
tain under present conditions to the masses of workmen. 

Labor questions are always under consideration in 
this country and others. It should be constantly borne 
in mind that, in order to secure the best results to both 
employee and employer, mutual confidence and friendly 
co-operation are essential. 

The present tendency is toward a lower, more 
reasonable and fairer relative basis. The whole com- 
munity desires and strives for this. The difficulty is 
found in the fact that every individual is perfectly 
willing that all others shall make reductions—the larger, 
the better. As there was, more or less, a scramble for 
higher and still higher prices when they were advancing, 
there will be just as much selfishness in the enforced use 
of brakes when there is a tendency toward decreasing 
prices. Now a general public, including particularly 
those who are neither sellers nor buyers to a large extent, 
will in one way or another bring about a fair and reason- 
able adjustment of prices. The law of supply and de- 
mand will be the principal factor. 

We naturally ask ourselves what shall we personally 
do; what shall be our attitude in these circumstances? 
I answer: We must evidence the same disposition which 
was displayed before the Industrial Board, in March, 
1919, when our steel committee co-operated with the 
Government’s representatives in the endeavor to secure 
a general, equitable, orderly and methodical reduction 
in the prices of all commodities and services. We would 
have succeeded except for the sudden change in the atti- 
tude of the Administration which resulted in the aboli- 
tion of the Industrial Board and thus limited the leaders 
in the industry to their own resources. Notwithstanding 
that episode we have done since then much to prevent 
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unreasonable advances and at present we are called upon 
to exert a further steadying influence upon the general 
situation. Let us be reasonable and just, reducing our 
prices if and when other reductions and costs permit, 
and then with level heads, clear minds and honest con- 
victions, stand solid as against panic or lack of con- 
fidence in the industrial situation. Let us strive to be 
right. If we are right we can be determined and cour- 
ageous. Let us as individuals consider the interests of 
all others. Our business is basic. It is perhaps one of 
the most important. We may, we must, exert an influ- 
ence for stability throughout the business world at a time 
when readjustments are, more than usual, liable to pro- 
voke disturbed conditions. 

The people of the United States have reason for 
confidence in the business future. They need not be dis- 
couraged nor impatient. ‘They have only to look about 
them and study the facts and figures. We have recently 


had opportunity to read the report of the Comptroller - 


of the Currency. He informs us that the resources of all 
the Banks of the United States break all records and 
exceed the combined bank assets of all other leading 
nations of the world and that they now amount to 
$53,079,108,000, not including Federal Reserve banks! 
Compare this with the time of Alexander Hamilton, 
Secretary of the Treasury of the United States, who 
wrote under date of February 26, 1793, to The Presi- 
dent, Directors and Company of the Bank of the United 
States, as follows: 


“TI have to request that you will be pleased to advance to Samuel 
A. Otis, Esquire, the sum of Fifteen Thousand Nine Hundred and 
Seventy-two Dollars and Ninety Cents on Account of the compen- 
sations due to the Senators of the United States. 

“As I have been informed that the bill, making appropriations 
for the present year, has passed both Houses of Congress, I hope 
to have it in my power very shortly to replace this sum, as well as 
the monies which have been hitherto advanced by you for the Public 


service, in compliance with my several requisitions for that pur- 
» 
pose. 


a 
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~ You are familiar with the total wealth of the United 
States and the value of the yearly production. I have 
previously referred to them, and made comparisons with 
other countries. Our people should be thankful but they 
may not be proud or indifferent toward others. They 
have great responsibility. They will size up to tb 
Occasionally there will be unpleasant vicissitudes.. 
There will be agitators abroad in the land endeavoring 
to create dissatisfaction and disturbances, sometimes 
masquerading as reformers. There will be secret enemies 
of our country; and all right thinking people must be on 
their guard. Love of country is the rule. Indeed it is 
the habit. 

I think the members of the Iron and Steel Industry 
of the United States, up to the full limit of propriety, 
should co-operate with those of other countries. I have 
information that many foreign manufacturers will be 
glad to participate with us in another international meet- 
ing. In the near future questions pertaining to this 
subject will be discussed by your board of directors, to 
whom you have always delegated f ull authority. 

The onward march of progress is moving rapidly. 
We may and will be a part in the procession and, in a 
measure, assist in guiding the course. I have heretofore 
publicly said, quoting from the Bible: “As no man liveth 
to himself so no nation liveth to itself.” This is ap- 
plicable to the present period. 

When we consider the world’s disasters, destructions, 
agitations, distrusts and vicious propaganda, the wonder 
‘s that business during the last few years has been so 
good and our country so prosperous as it has been. 
Gentlemen, the earth is still regularly turning on its 
axis, the seasons come and go, the fields laugh with the 
harvests, the mines and wells yield their riches, the 
morals of the people in general are improving and an 
overruling and just Providence is surely controlling the 
destinies of men and nations. 
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PresiwENt Gary: Gentlemen, will you please re- 
main as quiet as possible. We are going to have an 
illustrated lecture or address. After that I am going to 
ask Mr. Schwab to preside. I would like all of you to 
stay here. You do not know what may happen when 
Mr. Schwab. has the floor. 

_ The next address is: The Recent Development in the 
Tron and Steel Industry of India, by Charles P. Perin, 
consulting engineer, New York, to be read by Mr. 
Frank L. Estep, chief engineer, Perin & Marshall, New 
York. You will please give attention to Mr. Estep. 


ee ee oe 


THE RECENT DEVELOPMENT IN THE IRON 
AND STEEL INDUSTRY OF INDIA 


CHARLES PAGE PERIN 
Consulting Engineer, New York City 


Sir Thomas Holland describes India as the land of 
paradoxes, two utterly dissimilar areas unlike in geo- 
logical history, and equally unlike in physical aspects, 
which are the direct outcome of the geological past. You 
have in the north the magnificent mountain altitudes 
bounded by snowfields and glaciers in eternal solitude; 
at their feet lie smooth wide spaces of depressed river 
basins, either sandy and sun-scorched or cultivated and 
water-logged under a steamy atmosphere. To the south 
spreads a great central plateau, where indigenous forests 
still hide the scattered clans of the aboriginal tribes. In 
the Peninsula you have one of the few masses of land 
which have withstood all tendencies to earth-folding for 
as far back as the records of paleontology stretch. In 
the Himalayan region, on the other hand, the folding of 
the earth’s crust has produced during the latest geo- 
logical epoch the grandest of mountain ranges. Geolo- 
gists assume that the portion of India shown below the 
Indo-Gangetic plain was once a part of the old Indo- 
African continent known as the Gondwana continent. 
It is found that between the Seychelles Islands, which 
are connected by comparatively shallow waters with 
Madagascar and Africa, and the Laccadive and Maldive 
Islands, which are on the Indian continental platform, 
there exists a submarine bank preventing the ice-cold 
Antarctic currents that characterize the greater depths 
in the South Indian Ocean from extending into the 
Arabian Sea, which has a temperature much higher than 
the water at corresponding depths to the south of this 
bank. We have here the remains of the old continent, 
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depressed sufficiently to cut off India from South 
Africa, but still enduring as a bank between the great 
abysmal depressions to the northwest and southeast. 

This old continent carries coal measures which are 
known under the term of Gondwana measures. ‘The 
great revolutions in physical geography, which took 
place towards the end of the cretaceous and very early 
tertiary times, resulted in the break-up of the old Gond- 
wana continent, and were followed by the rise of the 
Himalayan Range. These orogenic movements appear 
to have been caused, or accompanied, by igneous action 
on an unusually violent scale. The great masses of basic 
lava covering more than 200,000 square miles in Penin- 
sular India remain as a fragment of the enormous flow 
which must have spread over the area, and probably over 
a much larger portion of the old Gondwana continent 
to the west and south, now buried under the Indian 
ocean or removed by denudation. 

Among similar phenomena in other parts of the 
world at or near the same period, may be mentioned the 
great basaltic flows of northwest Europe, and the 
Laramie series in the United States, which closely paral- 
led the case of the Deccan trap of India. 

The great lava flows, which make up the chief part 
of the plateau of the Deccan, concealed all oldér rocks 
and filled up all the older valleys, leveling up the surface 
of the country. A subsequent denudation has carved 
these lava flows into terraces and flat-topped hills, thus 
forming the Western Ghat Range with its steep scarps 
rising to about 4,000 feet, and indicating part only of 
the original thickness of the accumulated lavas, ashes 
and beds of inter-stratified marl. The trap rock is 
usually a form of olivine-basalt or augite-andesite. 

There are left exposed, in certain areas in India, 
Gondwana measures which carry upper carboniferous 
or permo-carboniferous rocks. The sections carrying 
workable coal measures seemed to be let down, mostly by 
faulting, into the great crystalline masses of the Penin- 


IRON AND STEEL INDUSTRY OF INDIA—PERIN 283 


sula. Originally they must have covered a much wider 
area; but, as the Peninsula has been exposed ever since 
their formation to the free action of weathering agents, 
the Gondwana formations have been cut into like the 
older formations, and the coal measures thus preserved 
in India now form but a fraction of those which once 
existed. Isolated patches of Gondwana rocks, including 
coal beds, have been involved in the folded Extra-Penin- 
sula area, in the Darjeeling district and in Northern 
Assam. The string of Gondwana patches, which de- 
termines the direction of the Damodar River in Bengal 
and in Bihar and Orissa, includes India’s most valuable 
coal deposits. The Damodar River passes through the 
Jherria coalfields. The lowest sub-division of the 
Gondwana measures is called the Talcher series, which 
has a total thickness probably not exceeding 800 feel. 
The next younger beds are grouped together under the 
name of the Damodar series, and are sub-divided in 
Bengal into three stages, the Ranigunj, the Ironstone 
Shale, and the Barakar stages. It is in the Damodar 
series that the most valuable coal seams occur. The 
associated rocks are all sandstones and shales, which 
sometimes attain a thickness of 10,000 feet. The iron- 
stone shales carry lenses of clay ironstone which have 
formed a source of iron ore for the Barakar Iron Works 
for a number of years. These are all low in iron and 
high in phosphorus. 

India contains 1,820,657 square miles, or a little less 
than 60 per cent of the area of the United States. With- 
‘n this area is contained a population of 815 millions. 
The density of population to the square mile varies 
from an average of 175 over the whole area, to as high 
as 800 people per square mile in certain districts. 

Of this total population, 60.6 per cent are under 
British rule, and 39.4 per cent under native control. 

Lord George Hamilton, former Secretary of State 
for India, approached Mr. J amsetji Nusservanji Tata, 
a distinguished Parsee of Bombay, who had made a 
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great success of cotton spinning, and begged him to take 
up the manufacture of iron and steel in India, and to 
restore to India the renown which it had 2,000 years ago 
as a producer of iron and steel. As a result of this in- 
terview, Mr. Tata took up the subject actively, and in 
1902 deputed the writer as consulting engineer to study 
the iron deposits in the Chanda districts in the Central 
Provinces. 

Later this work was extended over a distance of 
nearly 1,000 miles east and west, and nearly 400 miles 
north and south. Mr. C. M. Weld, of New York, was 
for three years in charge of this private geological sur- 
vey. His work included not only the search for iron 
ores but studies in the coal fields, and a search for the 
other minerals necessary for the manufacture of iron. 
Many deposits of iron were discovered, and some of 
those long known to the public were found to contain 
insignificant tonnages. Our investigations were con- 
fined to Peninsular India south of the valley of the 
Ganges, largely in regions not previously studied by 
the Geological Survey of India because of the fact that 
they were in feudatory or native states. 

In our first studies we did not find the forests of 
sufficient density to warrant the establishment of a 
charcoal furnace in the Central Provinces in the region 
in which Mr. Tata held concessions. We therefore ex- 
tended our investigations towards the east, in order to 
approach more nearly the Bengal coalfields, which were 
then developed to the point of producing a large ton- 
nage. Our studies of the iron ores at Chanda showed an 
ore largely magnetic, carrying 69 per cent of metallic 
iron and phosphorus .01 per cent, Our next important _ 
work was carried on in the Central Provinces, south of 
the Bengal-Nagpur Railway, at a place called Dhullee- 
Rajara. . Here Mr. Weld proved by diamond drilling 
the existence of one deposit containing 214 million tons, 
and an adjoining deposit now assumed to contain Th 
million tons, making a total reserve in the Raipur dis- 
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trict of 10 million tons of iron ore, carrying 67 to 68 per 
cent metallic iron, with phosphorus .06 to .09 per cent. 
This particular iron-bearing area is now known 
to have a very considerable extension to the south, car- 
rying a tonnage variously estimated from 20 to 80 times 
that now reasonably accurately known. The eastward 
extension of our investigations led later to the taking 
of a lease from the Maharaja of Mourbhanj, of three 
deposits ocurring in his State. The first, that at Guru- 
mahisani, on which the Tata project for the manufac- 
ture of iron and steel was based, was originally estimated 
to contain 714 million tons of ore running from 60 to 
68 per cent metallic iron and phosphorus .10 per cent. 
This deposit, and the others found in the State, are now 
estimated to contain 39,400,000 tons of non-titaniferous 
ores of 60 to 67 per cent of metallic iron. 

After securing the lease of the iron ore at an average 
royalty over a period of 60 years of 21% annas (5 cents) 
per ton, a site for the blast furnace plant and steel 
works was found at Kalimati, now Tatanagar, on the 
line of the Bengal-Nagpur Railway, near Sini Junction, 
and about 155 miles from Calcutta. Not the least 
difficult of our problems in choosing the site for our 
works was the question of an adequate supply of water, 
both for the plant and for the large population likely to 
grow up around it. ‘This was secured at the junction of 
“the Khorkai and Subernareka rivers. 

The point selected was approximately 100 miles 
from the coal, 40 miles from the iron ore, and 100 miles 
from deposits of dolomite. At the time of the presenta- 
tion of the Tata project to the bankers, India’s history 
in successful operation of the iron industry was not 
replete with success. 


Flrstory oF THE Iron INDUSTRY 


The natives smelted or puddled iron in small clay 
furnaces from four to five feet high, using bamboo char- 
coal as fuel, and first the trade winds and then hand 
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bellows for the blast. There is a famous mass of 
wrought iron, weighing six tons, near Katub Minar at 
Delhi, a solid iron pillar, known as the Pillar of Asoka 
or The Iron Pillar, measuring 25 ft. 8 in. in height and 
in average diameter 14 in. above its base, expanding to 
2 ft. 4in. below. To this day it puzzles those who en- 
deavor to account for its production. 

“W ootz”’ or Indian steel is a probable source of the 
once world-famous damascene sword or damascus blade. 

Some of this same steel was sent to England and 
used in the construction of the famous London bridge 
built in the early thirteenth century. 

In 1830 a Mr. Heath had started, in a modest way, an 
iron works at Porto Novo on the Madras coast. For a 
number of years this plant was kept alive by Govern- 
ment subsidy and the capital of Mr. Heath, until finally 
it failed in 1837. 

In 1853 a new company was formed, the Kast India 
Iron Company, which ceased operations in 1874. This _ 
little plant was dependent upon charcoal as fuel. 

In 1875 the Barakar Iron Works was started near 
the Jherria coalfields, 143 miles northwest of Calcutta. 
Their first efforts resulted in failure. They were re- 
started in 1881, and, after a rather checkered career, 
were finally reorganized into the Bengal Iron & Steel 
Company in 1889. Until about 1906 this plant was 
dependent upon the iron ores contained in the ironstone’ 
shale, and it was not until after the discovery of the rich 
iron ores in the state of Mourbhanj by the Tata interest, 
that the Bengal Iron & Steel Company went further 
afield and discovered ore deposits some 70 miles west of 
those operated by the Tata Iron & Steel Company, a 
_ short distance from the station of Manharpur on the 
Bengal-Nagpur Railway. 

The Manharpur district has been reported on by 
competent English mining engineers, and three great 
deposits in the neighborhood of Buda Baru are esti- 
mated to contain more than 300 million tons of high- 
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grade hematite, running from 60 to 65 per cent metal- 
lic iron, and phosphorus about .10 per cent. There are 
areas running up to 67 per cent metallic iron, but the 
percentage of phosphorus remains fairly uniform. 

The Bengal Iron & Steel Company now operates 
four blast furnaces, with a possible output of 80 tons 
per day each. They have Simon-Carves by-product 
coke ovens for about half of their coke requirements; 
the balance they purchase from the coke makers in the 
Jherria field.. During the War one of their furnaces 
was devoted to the manufacture of ferro-manganese. 

At the time of my first visit to India in 1904, the 
Bengal Iron & Steel Company had just closed down 
their steel plant, which consisted of two small basic open- 
hearth furnaces and a blooming and structural mill. 
This plant failed and has not been operated since 1905. 
The company now operates a large foundry in which 
cast-iron pot sleepers and chairs are manufactured, and 
also cast-iron pipes up to 12 inches in diameter. 

In 1907 the Tata Iron & Steel Company was formed, 
and commenced operation about five years later. 
Kennedy, Sahlin & Company were the construc- 
tion engineers and built the first plant, consisting of two 
blast furnaces, four 40-ton basic open-hearth furnaces, 
a combination rail and structural mill, and bar mills of 
16-inch and 10-inch trains. 

From motives of economy in first cost, 180 non- 
recovery retort coke ovens of the Coppee type were in- 
stalled. The coke produced from these ovens, from coal 
dust of the Jherria field, carries from 17 to 20 per cent 
ash, and in England or America would be looked upon 
as a most undesirable blast furnace fuel, but with high- 
grade iron ore containing very little silica or alumina, 
the operation of the blast furnaces has been reasonably 
successful from the start. The tonnage of these two 
original stacks built to produce 200 tons per day each, 
has been increased to an average of 375 tons each. The 
open-hearth furnaces have had their capacity enlarged 
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to tap 58 tons each, and three new furnaces have been 
added of 75 tons capacity each. 

At the time of the starting of the Tata works, our 
investigations of the imports into India showed a total 
tonnage of steel products of about 600,000 tons dis- 
tributed over a very wide variety of products. It was 
decided first to supply only a portion of India’s require- 
ments of rails, structural shapes and bars. India’s re- 
quirements of steel have so increased that the imports 
have grown in 15 years 100 per cent, despite the local 
manufacture of steel and pig iron. 

The operations of the Tata steel plant were fraught 
with all the difficulties which might be expected in start- 
ing a complex technical operation in a country where 
climatic conditions were distinctly adverse, and where 
you have no reserves of skilled operatives to call upon 
to take the place of men who for one reason or another 
were unable to continue working. 

The rail specifications of the Government of India 
are extremely severe, but these difficulties were finally 
overcome. The Government employed as their metal- 
lurgical inspector, Dr. A. McWilliams, of Sheffield, 
who is well known to members of the Institute as a 
distinguished metallurgist, and his advice was most valu- 
able in bringing the technical operations of the steel 
plant in line with the requirements of the Government 
of India. 

In the early stages of operation, the staff was com- 
posed of a few Americans in the blast furnace depart- 
ment, Englishmen in the rolling mills, and Germans in 
the open-hearth department. 

Adventurous spirits, willing to go out into the jungle 
to start a new plant, are not always those of best tech- 
nical attainment, and the process of elimination went 
on very rapidly. It was not, however, until the last of 
1913 that the operations of making steel and rolling it 
might be termed successful. Since that date, the pres- 
sure upon the Directors for increased output has been 
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very great, and the plant as now designed will ultimately 
reach an output of a million tons of finished product an- 
nually. 

Since the successful operation of the Tata Steel 
Works other enterprises have been formed, and there is 
now under construction by the Indian Iron & Steel Com- 
pany, two modern blast furnaces. This corporation has 
secured its iron ores in the Singhbum district, just south 
of the deposits of the Bengal Iron & Steel Company. 
Various estimates have been made of the tonnage pos- 
sessed by this company, but one single deposit, accord- 
ing to their reports, contains over 150 million tons of 
65 per cent ore above drainage level. ‘This company 
will have to transport its ore, over a line now under con- 
struction, a distance of about 200 miles to its furnace, 
which it is proposed to locate in the neighborhood of the 
coal deposits. 

Two other iron and steel projects are in the forma- 
tive stage; one in the hands of Messrs. Villiers & Com- 
pany, in which some of the English iron masters are 
taking a substantial interest. 'This company proposes 
to build two blast furnaces not far from Calcutta, in the 
region of newly discovered coal and iron ore. Here 
again are to be found single deposits carrying tonnages 
of iron ore which will seem astounding to those members 
of the Institute who have been obliged to count with 
great accuracy their future reserves of iron ore. 

The last new venture is in the hands of gentlemen 
who control a large area of coking coal, and they have 
secured iron ore deposits variously assumed to contain 
between two and three hundred million tons. I know 
that these figures will stagger members of the Institute, 
and give the impression of being what Professor Shaler 
called “broad generalizations upon an insufficient hypo- 
thesis.” This, however, is not the case; and since the 
beginning of the war prospecting parties have been con- 
tinuously in the field working in a quadrangle 400 miles 
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east and west by 200 miles north and south, beginning 
at Calcutta as the northeast corner. 

After investigations by some twenty prospectors, 
engineers of experience, and geologists connected with 
the different companies who have made these investiga- 
tions, there is now estimated to be about 20,000 million 
tons of high grade ore within a maximum distance of 
the fuel of 500 miles, and an average distance of 
120 to 1830 miles. During the War, the Tata Company 
added to its reserves of ore a very large tonnage, an- 
ticipating a great ultimate increase in the tonnage of pig 
iron to be produced. One would naturally ask whether 
there was a sufficiency of fuel to smelt the enormous 
tonnage spoken of above. At the present time the de- 
velopment of those patches of Gondwana measures, 
which I have referred to as carrying coal seams, have not 
given rise to the hope that there is a sufficient tonnage of 
coal for this purpose, if commerce continues to call for a 
proportionate increase of the tonnage. 


CoaL RESERVES OF LNDIA 


I quote from a recent report of the Coalfields Com- 
mittee, constituted by the Government of India in 
January, 1920, to study the question of the waste of coal 
known to occur in the Ranigunj and Jherria coalfields, 
Mr. Treharne Rees, of London and Cardiff, writes as 
follows: 


“Attempts have been made from time to time to estimate the 
available resources of higher-grade coking coal in the Indian coal- 
fields, but the information available is still too scanty to yield 
more than very rough figures. It has been calculated that the 
Ranigunj coalfield alone contains over twenty thousand million tons 
of coal of all kinds; most of this, however, is inferior, and only 518 
million tons have been estimated to be of better, or so-called ‘‘first 
class,” quality. The addition of the Jherria reserves of higher- 
grade coal would bring the estimates for the two fields up to nearly 
a thousand million tons, but this figure may need modification in 
view of the large quantities of coal now known to have been de- 
stroyed in both fields by instrusive igneous rocks. Further to the 
west, the Bokaro field is said to contain over 600 million tons of 
coking coal, and it is possible that further reserves will be found 
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in the Karanpura field. Apart from these, the only other coking 
coal known to occur in any quantity in India is that of Assam, the 
high sulphur content of which, however, renders it unfit for metal- 
lurgical purposes. So far as we know, therefore, India will be 
dependent for her supplies of metallurgical coke on the group of 
fields lying in the Damodar valley and including Ranigunj and 
Jherria; and, although’the total amount of coal that they contain 
is undoubtedly very large, the quantity available for coke manu- 
facture is strictly limited. We are not justified at present in plac- 
ing this at more than two thousand million tons, and, when it is 
realized that the Indian iron and steel industry may depend on 
these reserves for its future existence, the necessity for their conser- 
vation becomes evident. Certain districts of Bihar and Orissa have 
recently been found to contain deposits of iron ore, which further 
investigation may prove to be among the largest and richest known, 
and to amount to thousands of millions of tons. To treat these, 
corresponding amounts of blast furnace coke will be required, and 
if that is available, it is possible that at some future date India 
may rank among the great iron and steel producing countries of the 
world. If, on the other hand, the present opportunist policy is 
persisted in and her resources of coking coal are squandered, the 
mainstay of this potential industry will be gone, and she will be 
left with the iron ore, but with no means of smelting it. India’s 
annual output of coal has risen from about 5,000,000 tons twenty 
years ago to over 20,000,000 tons today, and if the present rate 
of increase continues, the output will be over 50,000,000 tons fifteen 
years hence; this, again, would mean, even if no further increase 
_ took place, the extraction of 2,000 million tons of this coal in forty 
years. Unless her resources are strictly conserved and the use of 
coal of lower grade substituted, wherever possible, for that of the’ 
better coking qualities, India may be faced at no very distant date 
with the loss of her metallurgical industries for want of coke. 

“At the same time, while recognizing the wasteful nature of 
the present methods of coking, we do not consider that it would 
be practicable to impose compulsory restrictions on them at present. 
The material employed for the manufacture of hard coke is now 
itself a waste product to some extent. It consists largely of slack 
and other comminuted material produced in the normal course of 
mining. There is not a sufficiently large market to absorb the whole 
of this material, which, if not used for coking purposes, would 
merely accumulate at the collieries; this, for obvious reasons, is un- 
desirable. The amount of slack which can be used for by-product 
coking is strictly limited by the demand for hard coke. In the 
course of the last few years a number of by-product ovens have 
been erected at the coalfields, and their capacity for the production 
of coke far exceeds the demand. This has resulted in ovens being 
temporarily closed. So long, therefore, as the demand for coke is 
not sufficient to absorb the whole supply of slack available for cok- 
ing purposes, we are of opinion that compulsion, which might result 
in locking up a large amount of capital in idle ovens, would not 
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be justified, and that, until the demand for coke is greater, until 
briquetting becomes a commercial proposition in this country, no 
restrictions can be reasonably imposed. 

“Nevertheless we consider it a matter of importance that the 
question of India’s coal resources should not be lost sight of; addi- 
tional knowledge is being acquired from year to year and new facts 
and figures are constantly accumulating. Much of this information 
is inaccessible, however, and we would suggest that it should all be 
placed in the hands of the State for co-ordination and review from 
time to time. 

“Mr. Rees suggests that consumers should be induced to use 
the poorer qualities of slack or small coal in order to conserve the 
better qualities for the production of coke suitable for blast furnace 
work. This would have the effect not only of conserving the best 
coal, but also of providing a market for the inferior coal. We sug- 
gest, therefore, that the railways should be recommended to use 
more inferior coals for shunting purposes in marshalling yards 
and that mills and other industrial consumers might also adopt a 
type of furnace specially designed for the burning of low grade 
fuel.” 


Of the 17 beds of coal found in the Jherria coalfield 
three can be said to give a fair coking coal. The term 
fair here is a relative one, because in countries accus- 
tomed to low-ash fuels they would not be regarded with 
approval; but in-India there is nothing else to be had. 
The coals have one great advantage, however, in that 
they rarely exceed a half of one per cent in sulphur, 
but they have, on the contrary, the disadvantage of a 
very high percentage of phosphorus carried uniformly 
in the ash. This latter element runs at about 1 per cent 
of the total ash. What is called first-class coal in the 
Bengal field rarely contains less than 12 per cent ash. 

The coal production in the year 1918 was, in round 
figures, 19,850,000 tons, of which 10 per cent was con- 
sumed at the collieries. The railway consumption of 
the coal produced has varied since 1907 from 28 per 
cent to 33.6 per cent. Bunker coal taken at the ports 
amounted to 16.7 per cent; the jute, cotton and steel 
industries each consumed a little more than 5 per cent, 
the balance going to the public. 

Despite the very thick seams, varying from 7 to 28 
feet in thickness, the coal is not produced as cheaply as 
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it should be. The output per man employed at the 
collieries above and below ground is 118 tons per an- 
num, and the output per man for those employed below 
the surface is 181 tons. 

The figures for England are 251 tons arias per 
man above and below surface, and 323 tons annually 
per man below ground. In America the tonnage pro- 
duced is considerably greater, but this, of course, is due 
to the extended use of mining machines and other me- 
chanical appliances. 

There are employed in labor at the mines about 
135,000 men and women, whose average daily wage is 
7.6 annas, or roughly 15.2 cents, per day. Since these | 
figures were secured there has been an advance in wages 
varying from 20 to 40 per cent, so that it would be safe 
to say that the average daily wage is in the neighbor- 
hood of 20 cents. 

In the coalfields, generally, cholera is endemic and 
enteric and a number of other diseases are constantly 
present. The supply of labor is insufficient and inter- 
mittent. Only a small portion of the workers, except 
in the cases of one or two of the old-established com- 
panies, reside permanently at the mines. The rest are 
usually small cultivators or agricultural laborers who 
return to their villages for the cultivation and harvest- 
ing of their crops. Serious efforts are being made to 
provide better workmen’s dwellings and to improve the 
sanitation of the district. ‘Today this condition is prob- 
ably the most serious blot upon India’s commercial 
development. Until quite recently no co-operation be- 
tween the various operators was effective in bringing 
about a proper supply of pure drinking water, nor 
have there been any regulations as to housing or sani- 
tation. 

In the development of the Bengal coalfields there 
have been spent some 672 lakhs of rupees, or, roughly, 
twenty-five million dollars. There are at present a 
number of shafts 900 feet deep or more. One or two 
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plants are equipped electrically, but the use of under- 
cutting machinery and electrical haulage does not yet 
obtain, except in the case of the Tata company. 


MINERAL WEALTH 


_ India contains four regions in which there are im- 
portant deposits of manganese ore of high grade and 
several regions in which there are large deposits of 
low-grade managanese ore. In the native state of Gange- 
pur, about 120 miles west of the Tata works, there are 
several large deposits of manganese ore running 50 per © 
cent and over of manganese. Within 30 miles of the 
works are a number of deposits running from 20 to 30 
per cent of manganese. In the center of India, not 
far from Nagpur, are the large deposits of manganese 
from which is mined the bulk of the five to eight hun- 
dred thousand tons annually exported. Other deposits 
occur along the Eastern Ghats, between Madras and 
Calcutta, and again in Mysore State, near Shimoga. 

In addition to the deposits of iron ore mentioned 
in the quadrangle of 400 by 200 miles, beginning at 
Calcutta and running west, there are in the State of 
Mysore large deposits of iron ore, and also in Portu- 
guese territory at Marmagoa and again in the territory 
of the Nizam of Hyderabad. 

During the war India was for a time practically cut 
off from Europe, and the Tata works supplied all the 
rail and steel requirements for the extension of the rail- 
ways in Mesopotamia and Palestine and as much ton- 
nage as Gould be spared was shipped as far west as 
Salonica. 

One of the many effects of the war was the neces- 
sity for being independent of European supplies. A 
development of the manufacture of silica brick was 
undertaken after the discovery of large deposits of gan- 
ister rock found in the region of Gya. All the silica 
shapes requisite for the building of 150 Wilputte ovens 
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have been made by the Kumardubi Fire Brick Works, 
largely owned by the Tata Iron & Steel Company. _ 

Deposits of magnesite have been known to exist 1 
Southern India for many years. The Tata company 
secured from the Government of Mysore magnesite of 
great purity for use in the open-hearth furnaces and in 
the manufacture of magnesite bricks. 

Within twenty miles of the site of the Tata plant, 
at Jamshedpur, formerly called Sakchi, there are large 
occurrences of schistose rocks carrying from 2 to 10 
per cent copper. One plant is now in operation within 
a short distance of the works; and not far from these 
occurrences are found deposits of apatite, which vary 
from phosphates of iron to phosphates of lime carrying 
iron. 

Within one mile of the station of Tatanagar, which 
is tke junction point for the short line leading to the 
steel works, is a mine producing wolframite. 

Our early search for limestone resulted in the find- 
ing of large areas of Cambrian limestone, but all carry- 
ing too much silica to be of any value for blast-furnace 
flux. Later, large deposits of dolomite were found 
within 100 miles of the proposed plant. 

At Sylhet, in Assam, a distance of some 500 miles 
from the works, are enormous deposits of exceptionally 
pure calcite, but they occur in an extremely malarious 
region and one in which the torrential rains necessitate 
the practical stoppage of work during four months in 
the year. It was found that dolomite could be deliv- 
ered at the works for about one-third of the cost of the 
pure Sylhet calcite, and for ordinary purposes the do- 
lomite seems to serve its purpose. 


"TRANSPORTATION 


Before beginning operations, negotiations were be- 
gun with the Railway Board of India, who control the 
matter of freight rates, and the following concessional 
rates were secured: a rate of one-fifteenth pie per 
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maund per mile, or, translated into dollars, three mills 
per ton-mile, was granted on all inbound raw material 
and on finished outbound products when shipped from 
the port of Calcutta... For local industries in Calcutta, 
a special rate of one-tenth pie per maund was made. 
Putting the matter concisely, we pay an assembly 
charge of practically 33 cents per 100 miles upon the 
coal and the dolomite, and a charge of 16 cents per 
ton upon ore coming from the original deposit of Gu- 
rumahisani. : 

At the Tata works at the present time a modern 
town is being built, the buildings being of brick with 
tile roofs and cement floors. At present the construc- 
tion is uniformly fireproof. Modern sanitation exists 
in the form of septic tanks, and at an early date acti- 
vated sludge will be produced from the sewage. Re- 
cently a large farm has been secured which will be 
operated in the interest of the employees without any 
view of profit, and it is hoped that, with the use of sul- 
phate of ammonia, activated sludge and basic slag, crops 
will be secured which will take care of the requirements 
of the community of 100,000 people and materially 
reduce the cost of living. 

The present hospital is inadequate and designs have 
been submitted for a 300-bed hospital in addition to 
the usual dressing stations. The work of Dr. Chakra- 
vati, the company’s chief surgeon, deserves great com- 
mendation. The number of cases treated have reached 
the huge total of 200,000 annually. Of this number 
nearly 40 per cent are charity cases and all of this is paid 
for by the steel company. 

To review the raw material situation, you have in 
India enormous deposits of iron ore, reaching staggering 
tonnages; large deposits of coal, where the seams occur 
in great thickness, with excellent roof and floor, and no 
serious mining difficulties so far, except that large quan- 
tities of water must be handled during the rainy season. 
The deposits of limestone are not within easy distance of 
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the ore occurrences, but deposits of dolomite are known 
to be sufficient for present requirements. The deposits 
in Assam of limestone carry unlimited tonnage, as there 
are frequent breasts 4,000 feet high. There is ample 
manganese for the requirements of a very large steel 
industry. The firebricks made from the clays found in 
the Jherria coalfields are entirely satisfactory. The 
magnesite occurrences are not large and have the dis- 
advantage of being rather too pure to frit. You have 
in Burma the principal deposits of the world of wol- 
framite, so that for the manufacture of alloy steel you 
have this valuable element near at hand. 

In a country with such a dense population as exists 
in India, there need be no shortage of labor. At present 
at the Tata plant we employ—including the construc- 
tion force—about 25,000 men and women. The Bengal 
Iron & Steel Company employs about 10,000. The 
Indian Iron & Steel Company is still in the construction 
period. 

With such an assembly cost as is possible in India 
due to the relatively close proximity of the necessary 
elements and low rate of freight, pig iron can be pro- 
duced at figures which defy competition. 


Tue Tata [Ron ann STEEL CoMPANY 


The Tata Iron & Steel Company has been presided 
over by a Board of Directors composed entirely of 
Indian gentlemen, and the capital invested, which will 
soon reach 70 million dollars, is wholly Indian money, 
raised largely in Bombay itself. The gentlemen who 
have directed this corporation have been extremely 
liberal in their treatment of their employees, and their 
desire has been to develop India on broad lines. Much 
of the new plant which is now being built is intended to 
supply semi-finished material to industries which it is 
expected will grow up around the central plant. For 
example, the Burma Oil Company requires for oil con- 
tainers some 50,000 tons of tinplate per annum. They 
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propose now to manufacture a portion of this tonnage in 
India, buying from the Tata Iron & Steel Company 
their tinplate bars, and for this purpose the Tinplate 
Company of India, Limited, has been founded. Tube 
makers expect to establish a plant at Jamshedpur for 
the manufacture of tubes, the skelp or strips to be fur- 
nished by the Tata Iron & Steel Company. Agri- 
cultural implement makers, makers of wire products, 
enamelled iron ware, jute mill machinery and a number 
of other products have already made contracts with the 
Tata Company for a sufficient tonnage to practically 
absorb their output of steel, except that required for the 
Government railways, and such contracts as already 
exist, extending forward a number of years. 

India offers exceptional opportunities for the 
courageous manufacturer of iron and steel. The rela- 
tively close juxtaposition of the necessary elements en- 
sures a low cost of production if good management can 
be obtained. In the relatively short life of the Tata 
Company there has been a steady increase in the number 
of Indians employed, replacing Europeans, and in the 
increased efficiency of those in higher positions. 

Great credit must be given first to the Board of 
Directors for their acumen and courage and then to the 
management. Mr. T. W. Tutwiller has had _ active 
charge of the works during the war, the most trying 
period of its existence, and deserves great credit for the 
work done, as evidenced by the balance sheet. Other 
men, namely, Robert G. Wells, Dr. A. McWilliam, AS 
E. Woolsey, Ralph Watson and H. E. Judd, have con- 
tributed greatly to the overcoming of initial obstacles. 

In regard to the new plant and additions to the 
old plant of the Tata Iron & Steel Company, about 18 
months ago word was cabled to the effect that the plans 
should not interfere with the growth of the plant ulti- 
mately to 10 blast furnaces with the necessary steel 
plant. 

These latter instructions caused serious changes in 
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the plans and made it necessary to put all of the new 
mills in a new locality with the exception of the plate 
mill, which was at that time under construction. 

The plans which are being carried out for the present 
development contemplate a total tonnage of 700,000 
tons of pig iron and 580,000 tons of steel ingots con- 
verted into 425,700 tons of various finished products. 
The new equipment going in to take care of this increase 
in tonnage is as follows: Three coke oven batteries of 
Wilputte design, 150 ovens total, with full by-product 
and partial benzol recovery plant. Two modern 
skip-filled furnaces, 17-ft. hearth, 22,189 cu. ft. content, 
from which it is estimated that the pig iron produced 
with the high-grade ores in India, will be anywhere from 
500 to 600 tons per day each. Two 100-ton tilting duplex 
type open-hearth furnaces with two 25-ton converters 
and a 1,300-ton mixer. Provision has been made for 
the installation of a 250-ton recarburizing mixer, a third 
- converter if necessary, a third duplex tilting open-hearth _ 
furnace and three electric furnaces. 

The complement of mills is as follows: a 40-inch 
2-high reversing motor-driven blooming mill with 
hydraulic manipulator and followed with hydraulic 
shear. 'This mill will serve a 24-inch to 18-inch Morgan 
continuous mill in direct line with the blooming mill, for 
the rolling of sheet and tin bar, billets from 134-inch 
square to 61-inch square, and some slabs; and it is 
proposed to finish on this mill a comparatively small 
tonnage of skelp and sleeper plate. Both these latter 
are to be reheated. The blooming mill will also serve 
direct, with provision made for wash heating or the re- 
heating of cold stock in bottom type furnaces, a 28-inch 
to 80-inch combination rail and structural mill, which 
will be installed without a rougher but with provision 
for, and the foundation built for, the putting in of a 
2-high reversing motor-driven rougher some time in the 
future. In case of shut-down or breakage on either the 
continuous mill or the combination rail and structural 
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mill, the full tonnage of the blooming mill can be 
handled into a hot hole. The blooming mill will make 
some slabs for the plate mill, while it is contemplated 
that about 40 per cent of the plate mill production will 
be rolled direct from slab ingots. 

The Morgan mill delivers billets and sheet bar un- 
derneath a 120-ft. runway which is being put up at the 
present time, for a distance of about 880 feet. One end 
of this present length’ of 120-ft. runway will handle the 
stock for, and serve a 12-inch Morgan merchant mill to 
which mill has been added two stands of 8-inch rolls 
independently motor-driven, for the rolling of a small 
tonnage of wire rods. At the other end of the present 
length of the 120-ft. runway, there will be a covered 
section for the storing of sheet bars for a 9-mill, 14-pair 
roll, sheet mill. This covered section of the runway 1s 
also to deliver 30-ft. length sleeper plates into the plant 
for the manufacture and pressing into “sleepers” or 
metal ties. 

The plate mill had to be left in the original location 
‘ntended for all of the mills before the last proposed 
increase in ultimate tonnage and consists of a 2-stand 
3-high tandem motor-driven 34-inch by 96-inch plate 
mill with 4 bottom-type reheating furnaces and room 
provided for 8 reheating furnaces. 

In regard to further extensions, beyond the mills 
being built at the present time, the territory adjacent to 
the tandem plate mill lends itself for the installation of 
any additional plate mills, either light or heavy. 

The 120-ft. runway mentioned above has been laid 
out for extension to serve in the future, at one end ad- 
ditional merchant mills, rod mills or cotton-tie mills, and 
at the other end, additional sheet mills or jobbing mills. 

Provision has also been made for the probable in- 
stallation, sometime in the future, of an intermediate 
size light structural mill. 

There can be a total of seven blast furnaces built in 
the present line, four of which will be large size and 
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modern type and the other three of intermediate size for 
making foundry iron, ferro-manganese or special iron. 

In close proximity to the duplex open-hearth plant, 
there has been a future line of six blast furnaces laid 
out, making it possible, ultimately, to enlarge the plant 
to a total capacity of 13 blast furnaces, or an estimated 
pig iron production of 2,100,000 gross tons. 

Provision has also been made for another 3-furnace 

duplex open-hearth plant adjacent to and of the op- 
posite hand to duplex plant No. 1, and for the installa- 
tion of a limited number of 75-ton stationary furnaces 
at the old plant. _ 

With all of the above there has naturally been pro- 
vided the necessary water system, pumping system, 
boiler house, power house, shops, ete. 

In the early stages of the Tata enterprise we were 
greatly assisted by Sir Thomas Holland, then Director 
of the Geological Survey, whose hearty co-operation 
and advice has been most valuable. Mr. Padshah, a 
member of the firm of Tata Sons & Company, has al- 
ways kept in mind the educational value to India of such 
a plant as is now in operation and in process of de- 
velopment, and he has secured from the Government a 
grant, which the Board has supplemented, for a Tech- 
nical Institute to be established at the works. 

I neglected to mention that a subsidiary company 
has already begun a plant for the smelting of ores of 
zine and lead. They have proposed to furnish to the 
Tata Company, 25,000 tons of sulphuric acid annually, 
and a sufficient tonnage of spelter to take care of the 
galvanizing of sheets, which we shall be manufacturing 
within the next eighteen months. 

As an outgrowth of the establishment at this point 
of the metallurgy of zinc and lead there will be estab- 
lished a cable company who will use both steel wire made 
by the Tata Company or its subsidiary, copper wire 
from the Cape Copper Company 15 miles away, and 
lead from the works of the Zinc Company. ; 
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I might mention that the Tata Iron & Steel Com- 
pany has purchased a great area of coking coal and have 
large collieries capable of supplying their requirements, 
when finally equipped with machinery and developed. 
The Company also owns large manganese properties 
and has advantageous contracts for the supply of man- 
ganese ore over a term of years, so that they can manu- 
facture not only ferro-manganese for their own require- 
ments, but can extend their operations to the manu- 
facture of manganese steel castings. 

Prophecy is a dangerous pastime but it seems fair 
to assume that India, within a measurably short time, 
will be able to take care of her own requirements of 
steel and iron, and to export pig iron to almost any 
market in the world. 


Presipent Gary: Mr. Schwab went out and has not 
yet returned, assuming, I suppose, that we would ad- 
journ as soon as the last address was finished. I think 
‘ve have time for one more paper before luncheon and 
I will call upon Mr. A. H. Holliday, manager of ex- 
ports, Jones and Laughlin Steel Company, to present 
his address on “Foreign Trade.” 


FOREIGN TRADE 


A. H. HOLLIDAY 
Manager of Exports, Jones and Laughlin Steel Company, Pittsburgh, Pa. 


Just because anything that contributes to the 
general prosperity of the whole people contributes to 
the prosperity of the individual and warrants his active 
sympathy and support, foreign trade should be a sub- 
ject of interest to every citizen of the United States, 
regardless of pursuit, occupation or place of habitation. 

The chief obstacle to foreign trade in the United 
States lies in our inability to distinguish between funda- 
mentals and details. We are confused by a multiplicity 
of details; very important, perhaps, but details neverthe- 
less. We are continually awaiting developments and 
proofs before taking necessary, even obvious, steps to 
secure ourselves a place in the world-trade sun. Details 
lie closer to our eyes than fundamentals and therefore 
assume disproportionate values. But details, however 
large, disappear in time, while fundamentals keep 
steadily at work. 

So many things occur; so much is said and written 
about the world situation, that wise conclusions seem 
impossible of attainment. The human mind, however, 
possesses a mysterious alchemy which enables it to re- 
ceive and absorb a conglomerate mass of seemingly un- 
related matter and to evolve therefrom, by applying the 
measurements of known elements and the gage of 
level-headed business sense, conclusions which we may 
safely adopt for our guidance. 

As a matter of fact, progress in every field of human 
endeavor is the outgrowth of this process, for otherwise 
we should stand on dead center and inert, lacking con- 
viction and courage to venture into unknown fields. 

Let us seek to determine some of the vital funda- 
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mentals of the foreign trade situation in their especial 
relation to the iron and steel interests of the United 
States. 


EXxportTInG A NECESSITY 


It is an economic postulate that no individual or as- 
sociation of individuals or nation can thrive unless a 
maximum of production is sought and maintained and 
that all of this production must be sold; if not at home, 
then abroad. 

If the United States is to manufacture at her maxi- 
mum capacity, thus effecting good production costs, and 
that maximum be greater than she can consume inter- 
nally at all times, it follows that she must have other 
fields in which to market her goods. 

Prior to 1914 our exports of iron and steel did not 
attract serious consideration either by ourselves or the 
world at large. For so many decades, especially follow- 
ing our Civil War, had domestic develépment been of 
such an intensive nature that it was difficult for us to 
face about and imagine ourselves world-trade partici- 
pants. Almost unnoted, however, during the five-year 
period covering 1909 to 1918, against an average yearly 
production of 27,255,644 gross tons, we had exported 
of steel ingots and castings and their products an average 
of 1,893,125 gross tons. During 1913 against produc- 
tion of 31,300,874 gross tons, our exports approximated 
2,400,000 gross tons. 

The period of internal development and_ self-con- 
tainment largely had passed at the outbreak of the 
World War and the eyes of our steel manufacturers 
were increasingly turned toward export markets. 

With the war came larger production, the result of 
increased manufacturing efficiency and enlarged invest- 
ment. Our yearly average production for the five war 
years exceeded the average production for the five pre- 
war years to the extent of 10,336,518 gross tons. Pro- — 
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duction during 1918 exceeded the 1913 figures by 
13,161,558 gross tons. 

The foregoing facts and figures, which are matters 
of record, and the economic principle cited, should in 
themselves warrant our very serious interest in the sub- 
ject under review. 


Tue LAND OF PROMISE 


But what of this land of promise into which we have 
entered; what are its territorial limits and opportunities ? 
Broadly, the field is the world, in competition with all 
other manufacturing countries. In this field we shall 
enjoy advantages of contiguity, accessibility, and, to a 
degree, favoritism, conjoined with our unquestioned 
ability to. produce acceptable goods on a competitive 
basis. The manufacturers of other countries will enjoy 
the same relative advantages. 

The world demand for the next decade will consist 
of five principal factors, namely: 

(1).—Present normal demand; 

(2).—Replacement of the world’s loss of production 
during war years; 

(3).—The inevitable increase due to rehabilitation; 

(4.).—Natural expansion of demand; 

(5).—The development of countries hitherto virtu- 
ally undeveloped, but now awakened or awakening to 
full national consciousness. 

(1).—The present normal demand we can readily 
gage by figures in evidence before the war. 

(2).—The world’s loss of production to peaceful 
arts is difficult of determination, but with the figures of 
world production now quite fully obtainable for the war 
years we have evolved the following theory of analysis 
and computation of the loss based on steel ingot and 
castings production: for the United States, the United 
Kingdom, France, Germany, and Russia, the diversion 
of production from peaceful arts to war purposes; for 
Belgium, non-production. 
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The application is as follows: 


STEEL PRODUCTION OF THE WORLD AND ESTIMATED LOSS TO PEACE- 
FUL ARTS DURING WORLD WAR PERIOD, 1914-1918 


Loss to Loss 

Countries Production* PeacefulArts (Gross Tons) 
(Gross Tons) (per cent.) 

ROATLEM e STALCS eel cten wim > «= epee 187,960,785 50 93,980,393 
eritted san don. ees or =e 44,977,092 6624 29,984,728 
Germany io CE ARCO OPE eve ee 74,655,839 100 74,655,839 
el OMI waelpe en om 9 <r on Me ataty iis ave 1,585,207 + 10,582,255 
Wee: as ost a5) canst ws 5% 9,581,775 100 9,581,775 
AES SA Cee lacie 3 esc c on ona ia as alates 17,744,196 6624 11,829,464 
ee See ee ee 336,504,894 230,614,454 
el ee 31,187,924 6624 20,791,948 
EEE ATICU DEAL pacts fe otehede a! Sioa dt oie 367,692,818 951,406,402 


* Steel Ingots and Castings. 
7 Total at pre-war rate of production. 


The production of the world, as above outlined, 
amounted during the war years to 367,692,818 gross 
tons. Allowance for unavoidable inaccuracies of various 
kinds must be made in reaching conclusions. We must 
also make allowance for the reclamation of steel diverted 
to war purposes. 

However, by disregarding the odd 51,000,000 gross 
tons of the total estimated world’s loss of production 
above obtained, we arrive at what we believe to be a safe 
minimum of 200,000,000 gross tons lost to peaceful arts. 
All or most of this tonnage is likely to be required by 
the world, in addition to the demand that otherwise 
would exist. This tonnage will exercise a strong sup- 
porting influence on the world’s markets for many years 
to come. 

(3).—Rehabilitation has probably been much over- 
estimated and will likely prove to be of interest on a 
rapidly diminishing scale to the steel manufacturers of 
the United States, as war’s destruction will be supplied 
largely by the several countries affected or by their 
European neighbors. Nevertheless, in terms of world 
supply and demand this condition will have an influence 
beneficial to the industry as a whole. 

(4) —Natural expansion can be gaged measurably 


310 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


by the upward curves of world production and con- 
sumption in the years preceding the war. 

(5).—The further development of countries hitherto 
but little developed or now in condition of political, 
social, and economic chaos, coupled with the expansion 
of those countries in which substantial progress has 
already been made, is a subject which staggers the 
imagination, but which in its very nature is indeter- 
minate at present. By way of illustration, the per capita 
consumption of China and Japan for 1918, based on the 
conservative estimate of 383,000,000 combined popula- 
tion, was 6.5 pounds of finished steel as compared with 
the United States per capita of 517 pounds for 19138 
based on 98,000,000 population. Gaged by population, 
natural resources, increasing national consciousness, 
with expanding economic development, the human de- 
sire for comforts and luxuries, we may fairly conclude 
that the world’s every effort toward increased steel 
production will be assimilated quickly with an insistent 
demand for still further tonnages. 


COMPETITION 


Competition next engages our attention. Obviously, 
for our purposes, the nations of the world divide into 
two classes: manufacturing and non-manufacturing. 
The United States, Canada, the United Kingdom, Ger- 
many, France, and Belgium, with Russia in the back- 
ground, embrace the former, while, broadly speaking, 
the remainder of the world embraces the latter. It may 
be assumed safely that the manufacturing countries of 
Kurope, ultimately at least, will serve largely their own 
needs and those of contiguous nations of both manu- 
facturing and non-manufacturing classes, and that the 
remaining non-manufacturing countries will be the fields 
of active competition. ‘This does not imply, however, 
that as among ourselves and other manufacturing coun- 
tries there will not be a substantial interchange of raw 
material, semi-finished and finished products, together 
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with other commodities into which iron and steel largely 
enter. 

The true significance of the term “Foreign 
Trade” lies in the following: One most important 
economic principle .is, that productivity, by en- 
abling the interchange of commodities with others, is a 
sound basis for human prosperity and happiness. 
Hence, in addition to our own efforts in this direction we 
should encourage foreign lands to produce in exchange 
for our own products those commodities which we can 
ourselves use or dispose of to others; and we should 
supply the machinery, financial and otherwise, for this 
interchange. This has an acute present application in 
view of the general dislocation of finance throughout 
the world. 

Our ability to meet competition involves prices, 
quality, service, men fitted and trained for the work 
both at home and abroad, extensive reciprocal purchases 
of foreign products, flexible and satisfactory credit ar- 
rangements, and the encouragement of our nation as a 
whole to liberal, but wisely selected, investments in 
foreign enterprises and securities. These will, in turn, 
require a high order of banking, cable, mail, and trans- 
portation facilities, both inland and ocean. 

We have been too slow to take advantage of the 
opportunities forced upon us by the war. We have not 
yet surrounded ourselves with the atmosphere of foreign 
trade. In consequence we suffer by comparison with 
those other manufacturing nations to whom foreign 
trade is their life blood and whose every activity is 
directed to that end. 

The magnitude of the prospect must not lead to 
complacency. Eternal vigilance and progress will be 
the price of success. We must not underestimate the 
strength and good qualities of our competitors; rather 
we should seek to emulate them. When we consider the 
past accomplishments in foreign trade of our recent 
allies, the splendid manner in which they have girded, 
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. their loins for the renewed conflict after the dishearten- 
ing experiences of the war and the tremendous difficul- 
ties under which they now labor, we are forced to cry 
aloud our admiration. 


ALTRUISM AND EXPEDIENCY 


We should meet the present situation from every 
angle in a spirit of liberality and helpfulness toward 
recent foes as well as allies and neutrals. Expediency 
alone suggests this course. Germany was the keystone 
of Europe’s industrial arch. A restored Europe with- 
out a properly functioning Germany is inconceivable. 
An unrestored Europe means chaos, anarchy, and death 
to millions struggling for the necessaries of life. Such 
measures as are taken for the economic restoration of 
Germany must, of course, involve an irreducible mini- 
mum of menace to the national existence of her neigh- 
bors. The world has become internationalized. The 
concern of one is the concern of all. As long ago as 
1890 the Baring Brothers’ failure in London produced 
a sharp panic in the United States, yet at that time we 
believed ourselves self-contained and immune from the 
troubles of Kurope and the rest of the world. 


SUBSTANTIAL ACCOMPLISHMENTS 


What have we accomplished in the nature of vital 
fundamental conditions necessary to our engagement in 
world commerce? Our Government suffers by com- 
parison with other Governments, because its course has 
been one of ill-advised interference with the natural 
enlargement of business interests, as opposed to the 
splendid, constructive helpfulness of other Governments 
toward their citizens and subjects. Seriously has this 
spirit interfered with our foreign trade activities. But 
notable gains are being made. 


Recent Legislation 


The Webb-Pomerene Act provides for associations 
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for foreign trade. ‘The restricted powers originally 
granted the Federal Reserve Bank have been amplified 
by the Edge Bill, permitting long extended credit 
periods. The Merchant Marine Act, 1920, aims to give 
point and direction to our Marine activities. All of 
these are constructive in intent and, while faulty and 
inadequate in some respects, nevertheless give promise 
of better things. 

Let us place the blame where it belongs. It should 
be remembered that Government is but ourselves and 
if we have but scarcely emerged from our apathy re- 
garding foreign trade, we should not expect too much 
interest and activity on the part of Washington. When 
our Government is awakened to an insistent demand 
and realizes that a ten-ton casting cannot be carried on 
a wheelbarrow, just so soon will help of the right sort 
be forthcoming. It dares not do otherwise! 


Merchant Marine 


One of the conditions precedent to successful foreign 
trade activities is that we export and import largely in 
our own bottoms. The events of the war sharply em- 
phasized this fact. A recent summarizing of the re- 
turns of the Bureau of Navigation, as quoted by the 
Journal of Commerce (New York, September 16th), 
is in part as follows: 


“At the end of the fiscal year, June 30, 1920, the total American regis- 
tered, enrolled, and licensed shipping consisted of 28,182 vessels of 16,324,013 
gross tons, compared with 27,513 vessels of 12,907,300 gross tons on June 
Sil, ee 


This is an increase of 669 vessels of 3,416,718 gross 
tons. 

The Journal of Commerce then comments editorially 
in part, thus: 


“This statement contained in a Washington dispatch summarizing the 
returns of the Bureau of Navigation shows that the much desired merchant 
marine of the United States is a reality so far as the actual tonnage of the 
fleet is concerned. We have a large volume of registered tonnage, and so 
far as carrying capacity is concerned, there is no reason why we should feel 
any doubt of our future.” 


And the editorial further asserts that there is noth- 
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ing to fear regarding shipbuilding and operating costs, 
lack of men or cargoes, if, properly supported by Gov- 
ernment, we whole-heartedly devote our energies to the 
task. 

Ships are necessary to carry cargoes. Men are 
necessary to operate ships. Cargoes are necessary to 
supply ships and men with opportunity. Any one of 
this cycle of supply and demand is necessary to the wel- 
fare of the others. Prior to the war virtually we had 
neither ships, men, nor cargoes. Now we have sub- 
stantial nuclei of all three. 


Departmental Aid 


The Bureau of Foreign and Domestic Commerce is 
to be commended for its manifold activities in support 
of foreign trade. Unfortunately, too little is known by 
the business public regarding this important agency and 
the help that it can render by its ingathering and out- 
giving of information valuable to manufacturers, im-- 
porters and exporters generally. The Bureau is a neces- 
sary adjunct to manufacturing and commerce; hence its 
efficiency will undoubtedly increase to meet the demands 
made upon it. 


Banking 


It is fully recognized that American banks abroad 
are of the bone and sinew of our foreign trade. T'o cope 
with the highly organized and ever-extending foreign 
banking systems of European countries, we must have 
American banks of highest efficiency, with adequate re- 
sources, in foreign countries, especially those of the non- 
manufacturing class. 

The following American banking houses have estab- 
lished branch banks abroad: the National City Bank, 
with its affiliate the International Banking Corporation, 
80; the Guaranty Trust Company with its affiliates, the 
Mercantile Bank of the Americas and the Asia Banking 
Corporation, 47; the American Foreign Banking Cor- 
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poration, 18. The First National Bank of Boston, 
Equitable Trust Company, Farmers Loan and ‘Trust 
Company, and Park Union Foreign Banking Corpora- 
tion also are represented in the foreign field by branch 
banks. The whole number thus established is 155. 

These branch banks are distributed as follows: Ku- 
rope, 20 (namely, England, 5; France, 6; Belgium, 4; 
Italy, 1; Spain, 2; Russia, inoperative, 2) ; Asia, 32 
(namely, China and Manchuria, 18; Japan, 5; India, 3; 
Java, 2; Straits Settlements, 1; Philippine Islands, 3); 
South Africa, 1; Central America, 11 (namely, Costa 
Rica, 1; Honduras, 6; Nicaragua, 4.) ; South America, 
45 (namely, Argentina, 4; Brazil, 8; Chile, 2; Colombia, 
15; Peru, 7; Uruguay, 1; Venezuela, 7; Trinidad, 1) ; 
West Indies, 42 (namely, Cuba, 26; Porto Rico, 2; 
Haiti, 1; Dominican Republic, 13); Panama and the 
Canal Zone, 4. 

In addition American banks are represented in 
every quarter of the globe by means of direct connec- 
tions with banking institutions of the respective coun- 
tries, which are of the highest standing, and, therefore, 
have at their command the full resources and assistance 
of these long established and influential banks. 

These branch banks and connections, in addition to 
their regular banking business, have extensive facilities 
for trade and credit information; for investigation of 
foreign enterprises seeking capital in the United States; 
and for general helpfulness to our citizens traveling 
abroad. 

The banking interests of the United States have 
already demonstrated admirably the qualities of vision 
and initiative and they are ready to make additional ex- 
tensions whenever and wherever reasonable oppor- 
tunities are presented. 


Education 


Prompted and supported by such agencies as the 
National Foreign Trade Council, the United States 
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Chamber of Commerce, and our Government (as 
evidenced in part by The Conference in Training for 
Foreign Service called by the Commissioner of Educa- 
tion and held in Washington, December, 1915, and Dr. 
MacElwee’s book, “Training for Foreign Trade,” pub- 
lished by the Department of Commerce, 1919), schools 
and colleges, banking houses, manufacturing, com- 
mercial and other institutions have come to the front 
with required educational facilities. Before we realize it 
we shall have a rapidly increasing body of men and 
women speaking various useful languages, familiar with 
commercial geography, educated in world commerce 
procedure, ready for foreign trade service either at home 
or abroad. 

There is only required care that such education be 
not merely academic but practical, so that results may 
follow quickly and the employee, undiscouraged, 
spurred on to greater efficiency. 


CONCLUSIONS 


One of the finest guarantees of the foreign trade 
principle, its validity and continuity, is the note of high 
altruism which during recent years has been sounded in 
public and private utterances. It is no longer Export 
Trade but Foreign Trade. We have ceased to hear 
that “There is no sentiment in business.” Instead, con- 
structive helpfulness is emphasized. We are imbued 
with the world spirit. 

Foreign trade is the romance of business. In no 
other department of commercial endeavor does the mind 
run so far afield; over and under oceans; across plains 
and deserts, over mountains, by cable, by vessel, by rail- 
road, by wireless telegraph and telephone, by aero- 
plane, to the far corners of the earth. And in the 
midst of vital business considerations we pause to think 
of the character, the environment and welfare of those 
with whom we would traffic. 

“Where there is no vision the people perish.” As 
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well religion without belief in the supernatural, as 
foreign trade without optimism. ‘The issue is very real 
and will require courage for its successful accomplish- 
ment. We have moved but a small part of the way, 
but we have the natural resources, the wealth, the mills, 
the executives and the workers, with their combined in- 
ventive genius, the railroads, the ships and those to man 
them. If we do not seize the opportunity, others will. 


“ «Ancient trade routes of the East’— 
Dry as dust the title ran, 
But the magic of the past 
Travels with the caravan. 


“Day by day the brazen sun; 
Night by night the purple sky 
Powdered thick with burning stars; 
Still the caravan moves by. 


“Purple nights and burning stars, 
Arid sands and brazen day; 
Still the caravan moves on, 
Journeying to far Cathay.” 
—_M. L. Stockett in “Asia.” 


Prestent Gary: The secretary will make the usual 
announcements. 


Turn SecreTARY: A meeting of the Board of Di- 
rectors will be held immediately at the close of this ses- 
sion in a room at the east end of the main corridor. 

Luncheon for members and their guests will be 
served here in the grand ball room promptly at one 
o'clock. 

The afternoon session will be held in the east ball 
room, east end of the corridor, beginning promptly at 
two o’clock with an important paper on the basic open- 
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hearth process, which you will all wish to hear. Please 
assemble a few minutes before the hour; the session will 
begin promptly at two o’clock. 

The banquet in the evening will be held here in the 
grand ball room. Members will assemble at seven 
o'clock and the dinner will begin promptly at seven- 
thirty. 


At 12.30 p. mM. a recess was taken for luncheon. 


At two o'clock Mr. Charles M. Schwab took the 
chair and called the meeting to order. 


Vicr-PRrEsmDENT ScHwaB: Gentlemen, we will start 
right away, as the time is short. The first paper of the 
afternoon session is entitled, ‘““The Basic Open-Hearth 
Process,” by F'. L. Toy, Superintendent Open-Hearth 
Department, Homestead Works, Carnegie Steel Com- 
pany, Munhall, Pennsylvania. 


THE BASIC OPEN-HEARTH PROCESS 


FRANCIS L. Toy 


Superintendent, Open-Hearth Department, Homestead Works, Carnegie Steel 
Company, Munhall, Pa. J 


The basic open-hearth process has been such an ex- 
tremely important factor in the development of our 
great steel industry and has contributed so largely to 
our economic welfare, that it is indeed difficult to out- 
line briefly all its great advantages. It has made avail- 
able to us great natural resources of iron ore and 
produces economically, and at a low relative cost, a 
wide range of commercial steels suitable for practically 
every application for which steel is used. 

The extreme flexibility, possible through the various 
methods devised for its application as a process, allows 
for the production of steels from a great variety of 
charges and by many variations in method of manipula- 
tion, so as to make possible the working of the process 
economically with regard to the supply of scrap and 
pig iron, and the quality of these materials, physically 
and chemically. 

In considering its tremendous growth as a process, 
the most important fact is that it has permitted the 
use of iron of any phosphorus content, thus making 
available immense deposits of ore which could not other- 
wise be utilized. 

It is almost impossible to estimate the possible state 
of our steel industry at the present time had the basic 
process, as carried out in the bessemer converter and 
particularly in the open-hearth furnace, not been such a 
tremendous factor. Had their influence been lacking, 
then it takes no stretch of the imagination to conceive a 
quite different status as to phosphorus specifications on 
finished steels as compared to present ones, for reasons 
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both of volume of production and of the phosphorus 
content. 

{t should be borne in mind, in considering the growth 
of basic open-hearth furnace production and of the total 
production of open-hearth steel, that the basic open- 
hearth process has made possible for the acid open- 
hearth process a far cheaper product and a greater ap- 
plication to quality production by furnishing it a cheap 
and low-phosphorus scrap. 

Since all applications and all phases of the modern 
development of this basic open-hearth process cannot be 
adequately covered or satisfactorily expressed in: a 
paper of the size here given, I will endeavor briefly to 
trace the development of the process, state some neces- 
sary lines of improvement as to efficiency, give some 
reasons for the present variations in the application of 
the process to steel making, and touch a little on the 
present “trend of the times” in regulating charge and 


method to the ends sought. I hope this small contribu- 


tion may assist to open up for wider discussion in much 
greater detail, many of the phases so extremely im- 
portant in this process, and in greater part deserving of 
treatment singly in a paper. 


Historica Review 


The experiments of William and Frederick Siemens 
in England, from 1857 to 1861, developed what was 
absolutely essential to the success of the open-hearth 
furnace as an agent in steel making, gasification of the 
fuel in combination with a new regenerative principle 
applied to the heating of the gas and air for combustion. 
In the period 1863-67, William Siemens and the Mar- 
tin Brothers, of Sireuil, France, had developed the pig 
and scrap method successfully, and by 1868 William 
Siemens had made successful, as a commercial process, 
the pig and ore process. In 1879 the Thomas-Gilchrist 
or basic process, as applied to the bessemer converter, 
was demonstrated as a commercial success at Middles- 
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borough, England, and its application to the bessemer 
and open-hearth processes spread rapidly, particularly 
on the Continent, to make available the large deposits 
of high-phosphorus ore. 3 

Mr. Samuel T. Wellman built the first successful 
open-hearth furnace in this country at the Bay State 
Iron Works at South Boston in 1869. Its capacity was 
five to six tons and melted, of course, on an acid bottom. 

Mr. Wellman and George W. Goetz, both of the 
Otis Steel Company at that time, after study of the basic 
open-hearth process in Europe, made steel on a basic 
bottom at the Otis Steel Company’s plant for about four 
months, when the experiment was discontinued. The 
manufacture of basic open-hearth steel as a commercial 
product dates from March 28, 1888, when it was first 
produced at the Homestead Works of Carnegie, Phipps 
& Company. Notwithstanding considerable difficulties 
in operation, mainly due to the dolomite and tar bottom, 
basic steel was continuously made at this plant with such 
success that during 1889 the construction of additional 
basic furnaces of the Lash type was commenced, as an 
addition to the existing four furnaces, so that by the 
close of 1890, sixteen basic open-hearth furnaces were 
in operation at these works. Their capacities ranged 
from fifteen to thirty-five tons and all were increased 
during the next few years because of the improving 
methods of putting in bottoms and the introduction of 
magnesite, so that the initial charges of 60,000 pounds 
became 90,000 pounds. 

The year 1890 gives us the first reliable survey of 
the new and growing process in the United States and 
‘n addition to the Homestead Works it is shown that the 
following plants were producing steel by the basic open- 
hearth process: the Steelton Works of the Pennsylvania 
Steel Company, using a combination of the acid-bes- 
semer and basic open-hearth processes; the Henderson 
Steel and Manufacturing Company at Birmingham, 
Ala.; the Southern Iron Company at Chattanooga, 
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Tenn.; the Pottstown Iron Company at Pottstown, Pa. 

Mr. Swank estimated the production by the process 
in the United States, including that made by the duplex 
process, for the year 1890 at 90,000 net tons out of a 
total of all open-hearth steel of 574,820 net tons. This 
total production was the output of 47 plants in ten 
states. ‘The tremendous growth of the process and 
proof of its predominant influence in creating the great 
steel output of this day can be seen from the following 
tonnage figures. 


PRODUCTION OF STEEL FOR THE YEAR i914 


BESSEMER OPEN-HEARTH 
Countries Acid Basic Aci asic 
United States .....3..... 6,220,846 903,555 16,271,129 
United Kingdom ........ 797,072 482,444 3,680,848 9,874,749 
Germany Slerecwwe mone 100,617 8,169,183 974,321 5,946,215 
UTA TUCE ier egies arenes lee aavetet 82,393 1,658,758 1,146,167 


PRODUCTION OF STEEL IN THE UNITED STATES FOR 1918 AND 1919 


BESSEMER OPEN HEARTH 
Acid Acid asic 
LOWS se areectawort eects cs eater setter entae tens 9,376,236 1,982.820 32,476,571 
TO U9 AEE Roitonc herckahe bs rreenceeneene eee 7,271,562 1,229,382 95,719 312 


DEVELOPMENT OF FURNACE LINES 


Fig. 1 shows a furnace of the year 1873, as used at 
the works of the Landore Siemens-Steel Company on 
the acid process, with a capacity of 6 to 7 tons. The de- 
pressed roof was supposed to force the flame into con- 
tact with the bath or hearth. No attempt was made to 
divert the flame by means of the ports. The roof 
burned out very rapidly and was often damaged in 
charging the furnace. 

Fig. 2 shows a type of the year 1884, a later develop- 
ment at the Landore Siemens-Steel Works. The roof is 
no longer used to direct the flame and a little more 
effort is made to direct the gases. The capacity was 
12 tons with an output ranging from 140 to 200 tons 
per week. 

The great objection to both types so far illustrated 
was the construction by which the furnace body rested 
on the arches of the regenerative chambers and the 
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Fig. 2—Type of open-hearth ee Landore Siemens-Steel Company, 1884 


END ELEVATION 


Fig. 3.—Type of open-hearth furnace known as the Batho furnace, 1887 
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deposition of soot and slag directly into the chambers, 
there being no cinder pockets. 

Fig. 3 illustrates a type known as the Batho furnace 
of the year 1887, recognized by many members of the 
British Iron and Steel Institute in 1890 as the best type 
then known. The points urged in its favor were: 

Independent supporting of the hearth and not, 
as in previous types, by the regenerator arches. 

Freedom from danger to the chambers through 
breakouts of steel and slag from the bath. 

No leaks through the division walls from air to 
gas chambers. 

Cooler working for repair labor. 

It was thought better, however, to return to a solid 
square block for the ports, because the ports of the 
Batho furnace leaked badly because of expansion and 
contraction. The scheme deserved a longer trial and 
some modifications, for it had in it good possibilities. 

Fig. 4 shows the Lash type of furnace with the hori- 
zontal flue checkers, using natural gas as a fuel, as used 
at the Homestead Works in the first commercial produc- 
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method of feeding natural gas 
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Fig. 6—Rectangular type of open-hearth furnace for natural gas fuel, 1890 
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tion of basic open-hearth steel in this country. Fig. 5 
shows a cross section of the furnace and the arrangement 
for feeding natural gas to the furnace. 

Continuing to follow the line of development of 
natural gas furnaces, we find in 1890 a rectangular type 
of furnace as shown in Fig. 6-A, with the gas admitted 
on each side of the port behind the bridge wall. Fig. 6-B 
illustrates an attempt to build a furnace to use either 
natural or producer gas, but used exclusively for natural 
gas. The result was very poor flame control and a rapid 
burning away of the roof. Fig. 7 shows a furnace with 
modified port construction but giving poor results. ‘This 
furnace was equipped with air and gas chambers (both 
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Fig. 7,—Open-hearth furnace for natural gas fuel with modified port 
construction giving poor results, 1896 
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Date 
Depth of Bath 
Area of Both 


Frea (3g 14 perton) 65 
Fir Chambers (Cutt) 5790 
Air Chambers (Cutt per ton) 420 
Capacity (fons) 47 


Fig. 8.—Open-hearth furnace for natural gas fuel with simplified port 
construction, 1909 


used for preheating the air) of much larger capacity as 
compared to the horizontal flue regenerators of the 
natural gas furnaces already shown. Fig. 8 shows a 
greatly simplified port construction, a return, in part, 
to that of the earlier natural gas furnaces, and a much 
improved roof construction. This furnace is of the best 
type of natural gas furnaces, making heats in excep- 
tionally fast time and with a short flame of very high 
temperature, very easily controlled. In furnaces of 
this type the finest grades of armor steels are made. 
Fig. 9 illustrates the largest natural gas furnace built 
and of the type used in the plant holding the world’s 
monthly record at the present time for a fourteen- 
furnace plant. 

Returning to the development of the producer gas 
furnace in this country, we find an arrangement of ports 
so long continued in the Siemens furnace, the air and 
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gas ports being at about the same level. Fig. 10 shows 
a furnace of the year 1889 of this type, with no pro- 
vision for cinder pockets. The cutting of the roof near 
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Fig. 10.—Type of open-hearth furnace for producer gas fuel, 1889 


the point of entry of the gases and by the flame at the 
outgoing end led to the ports being made longer and 
narrower, with the air ports placed a little higher to 
provide a better mixture of air and gas. This is illus- 
trated by Fig. 11. Fig. 12-A shows an elevation of the 
air ports entirely above the gas ports and a tendency 
toward the modern type of roof. Fig. 12-B illustrates 
a decided trend toward modern construction. The gas 
port is made more nearly flat and the air port is given 
more inclination relative to it. The purpose was to pro- - 
vide better mixing of air and gas by forcing the air to 
cut across the mouth of the gas port and to hold the 
flame down on the bath. Unfortunately in this develop- 
ment the relations of gas and air velocities were not 
correctly adjusted. Fig. 13 shows an improvement over 
the port shown in Fig. 12-B by cutting back the nose 
of the gas port to give an earlier mixture and a shorter 


—— 
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flame. The roof construction at the junction of port 
and main roof is still poor, however, and the flame con- 
trol was therefore more difficult because of the early 
burning out at this point. Fig. 14 illustrates one of 
the largest and most modern gas producer furnaces of 
a capacity of 90 tons. There are other standard fur- 
naces in operation, similar as to lines, of capacities up 
to 110 tons. 

The largest development in size has been in those 
large rolling furnaces used in the duplex process, with 
capacities of 200 to 250 tons, and exceed those in size 
as illustrated in Fig. 14 by 40 per cent in bath area and 
depth. 

In reviewing the developments shown and compar- 
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Fig. 13.—Showing further improvement in port construction of producer 
gas open-hearth furnace 


ing the tonnages produced per heat (which in every 
case are those obtained finally from the hearth of the 
furnace illustrated under normal conditions, since nearly 
all furnaces produce finally a tonnage larger than the 
rated tonnage) as against the bath depths, areas of bath 
at the slag line and regenerator volumes, ete., we find, 
aside from the growth in furnace capacities, with which 
all are familiar, the following characteristics: 

Bath depths that did not increase relative to furnace 
capacities and hearth areas, showing the tendencies to- 
ward faster working and enhanced oxidation effects. 

Increasing areas of bath in which the length was 
the predominant factor in effecting the change, so that 
the length increased much faster than did the width. 

Very little tendency toward the increase of air and 
gas preheating capacities per ton of steel produced in 

the case of gas producer furnaces. Much greater capaci- 
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ties for preheating the air in the case of natural gas 
furnaces. 

Many improved devices and 
and lengthening the life of ¢ 
evolved during the period of furnace development up 
to the present time. Of these we may mention devices 
for water-cooling the ports, bulkheads, skewbacks, back 


methods for preserving 
he furnace have been 
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and front walls, doors and door frames, buckstays, 
valves and dampers; air cooling systems for slag pock- 
ets, regenerative chamber division walls; systems for 
reinforcing the roof by means of ribs formed of special 
or standard shapes; removable cinder pockets. 

It may be said that certain furnace lines have been 
particularly developed with reference to the most eco- 
nomical working of the furnace, and if those lines are 
altered appreciably or lost by burning out, then the effi- 
ciency of the furnace is impaired and its life shortened 
unnecessarily. In preserving such lines cooling devices 
are warranted up to the point where the cooling effect 
begins to lessen the thermal efficiency, and further gain 
in preserving furnace lines seems to have reached the 
limit. Open-hearth furnace men of sound experience 
express the idea more concisely by saying, “We cool 
only the vital parts of the furnace.” 

After many discussions over a long period of time 
by the Carnegie Steel Company's open-hearth commit- 
tee along the line of present developments in basic open- 
hearth plant and furnace design, it appears that the 
following figures and characteristics show, in part, what 
might be considered the best practice at the present 
time: 


tele inindeia soe oe Producer gas. 

Capacity .......--+--- 100 tons. 

Distance between levels. .20 feet. 

Furnace bottom......-.- Pan type, with 12 inches of 


sintered magnesite on 12 
inches of magnesite brick on 
24 inches of fire brick. 
Area of bath at slag line. 6.5 square feet per ton of steel 
capacity. 
Distance center to center 
of furnace......----- 90 feet. 


Height from door sill to | 
skewback of roof..... 60 inches. 
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Rolin avs neta eee Roof body should be straight, 
arched in one direction with 
24 inches spring; roof thick- 
ness, 12 inches. Only stand- 
ard shapes used. 


Doors and frames...... Water-cooled. Doors elec- 
trically operated. 
BUCKStayic~. sont eee eee Slab type, water-cooled. 


Front and back walls. ..Should be supported on water - 
coolers at or near the slag line. 


EOLES seria oct yen a ae Semi- water-cooled type, 
cooled at vital points. 

ESSN 6 ore aye Water-cooled. 

Air regenerators=...... A minimum capacity of 68 


cubic feet per ton of steel and 
a minimum heating surface of 
150 square feet per ton. These 
figures for one regenerator. 
Gas regenerators....... A minimum capacity of 46 
: cubic feet and a minimum 
heating surface of 100 square 
feet. These figures for one 


regenerator. $ 
Val Sieh oan! koe Area of gas and air valves 10 
square feet each. 
Dam pert... «eee Cast iron, inclined, air-cooled. 
Producers s: 2.0 eee ee Mechanically operated, two 


per furnace. Each producer 
with capacity for gasifying 
60,000 pounds per day. 


BPC, \-\wicig: eee ee 180 feet in height, 6 feet in- 
side diameter. 

Waste heat boilers... .. . Yes. 

Metal mixer....<...... Unit size, 500 tons’ capacity. 
Elliptical shape. Fire brick 
lining. 


General—Stock yard to be roofed. Ore, limestone 
and spar to be kept in bins constructed so as to provide 
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for easy unloading and loading, with no shoveling. Best 
labor-saving devices to be used in repairing furnace 
and regenerators. . 

The committee recommends that in building the 
first new open-hearth plant, one of the furnaces be laid 
out so as to give clearances considerably greater than 
usual. Ample room will be had thereby for the installa- 
tion and thorough trial of equipment embodying new 
and advanced ideas, which otherwise must wait for trial 
in new plants, where in the event of failure to show 
economy, unnecessary expense in the correction of faults 
is caused and future trial and development of new 
methods or equipment is discouraged. In this way 
much could be developed in new methods of regenera- 
tion, methods of cleaning regenerators and keeping 
them clean, removable cinder-pockets, insulating meth- 
ods for reducing heat losses, new port constructions, 
volume control of air, ete.; in fact, many lines of im- 
provement could be started that have been held back 
for years by lack of space in existing plants. In the 
event of further furnace construction, the ideas proving 
of value could be incorporated so as to give the best 
possible construction with very little risk of failure. 


THE DEVELOPMENT OF FUELS 


The fuels suitable for use in the open-hearth fur- 
nace have been, from the day William Siemens gasified 
coal in order to successfully operate his regenerative 
furnace in melting steel, necessarily those which had 
a high speed of combustion, giving high flame tempera- 
tures with a’ comparatively low ignition temperature. 
With the methods employed so far in burning fuels, 
high radiation effect has been thought desirable. 

Producer gas has been, throughout the development 
of the open-hearth process, acid and basic, the mainstay 
as a fuel; and furnace development as to size and out- 
put has been paralleled and assisted by development 
in capacity and efficiency of the gas producer. The 
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present trend is to fewer and larger units per furnace, 
as for example, a 100-ton furnace can be satisfactorily 
taken care of by two large producers, each with a ca- 
pacity of gasifying 60,000 pounds of coal per day. 
Mechanical feeding, poking, ash-handling, careful 
crushing and screening of coal, careful regulation of 
blowing have helped in decreasing costs of operation. 
The advantages of the producer are its simplicity and 
fairly low cost; its limitations are due to the high non- 
combustible content of the gas with the corresponding 
low calorific power and the ob Jjectionable clogging con- 
tent of soot and tar. The necessary preheating of gas 
to obtain adequate flame temperature makes for larger 
generative systems and more complicated and costly 
furnaces. The proportion of total fuel gas generated 
in the producer in the future depends altogether on the 
growth of the by-product coke industry. There has 
started a growing replacement of producer gas by coke 
oven gas with varying amounts of tar. Plants isolated 
with respect to by-product coke plants must continue 
the use of producers indefinitely, and for them the prob- 
lem of low calorific power and high-sulphur, high-ash 
coals must be worked out thoroughly. This will prob- 
ably mean washing, entailing in general fine crushing, 
so that ultimately the use of very fine coal must be 
carried out successfully in the gas producer. 
By-product coke oven gas has developed as a fuel 
for the open-hearth furnace in. the United States within 
the last five years. Considerable work has been done 
with it in Europe, particularly through mixtures of 
blast furnace and producer gas with it. As commonly 
used it is debenzolated, so that it is somewhat less lumj- 
nous than the raw gas, with from 5 to 6 per cent less 
of heating value. Having a calorific value of half that 
of natural gas, it possesses, nevertheless, at least three 
times that of producer gas, is much cleaner and has a 
very low content of inert gases. Like natural gas, it 
cannot be preheated without breaking up, and PoOssesses 
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similar advantages over producer gas in the elimination 
of costly gas making and handling equipment at the 
open-hearth plant, making more simple the port, up- 
take and cinder-pocket construction, and making pos- 
sible greater volume for regeneration of the air. It is 
in general thought necessary to use tar in amounts dic- 
tated by practice or amounts available, for the purpose 
of giving luminosity to the gas flame. The usual pro- 
cedure is to blow the tar, as atomized by air or steam, 
through the end walls of the furnace, immediately over 
a jet of coke oven gas. The whole burner arrangement 
is cooled by a water jacket so as to be able to maintain 
the desired position and inclination of the burner. For 
‘considerable periods during the last eighteen months 
practically straight coke oven gas has been burned at 
the No. 3 open-hearth plant of the Homestead Works, 
Carnegie Steel Company, in a type of furnace illus- 
trated by Fig. 8, with but small loss of tonnage as com- 
pared with natural gas, through the same burners and 
without the use of tar. The greater cost of furnace 
repairs, although small, would warrant, however, a 
study of the situation with the object of shorter flames, 
better flame control and an earlier ignition. The Du- 
quesne Works have also had a period of successful use 
in a producer gas type of furnace as compared to their 
producer gas practice. In both cases the gas enters at 
right angles to the air volume. The problem of burn- 
ing coke oven gas seems to be in the early stages of 
solution, and promising as it looks at present as a fuel, 
there can be undoubtedly much greater efficiency in 
burning, with incidental attainment of higher flame tem- 
peratures with the flame placed and kept where it will 
give maximum effect. Ultimately we must learn to 
burn it without the added luminosity of burning tar 
vapor, which will require much education as to flame 
temperatures on a new standard of flame color, to- 
gether with a better mixture of air and gas; also meth- 
ods for obtaining earlier ignition and for direction of 
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gas so.as to give practically its full calorific effect along 
the bath and before the gas can rise to burn along the 
roof or at the outgoing ports or downtakes. 

There is hardly a doubt but that the growing effort 
to obtain the maximum from coal and to conserve its 
by-products will make for an increasing use of coal in 
the by-product ovens rather than in the gas producer. 
Even should the demand for by-product gas by munici- 
palities tend to the point where coke is produced in sur- 
plus, it must be borne in mind that blue gas produced 
from coke has a calorific value double that of producer 
gas, a low volume of inert gases, is stable, free from 
soot and tar, and can be used as a coking fuel for by- 
product ovens and for furnaces where high radiation 
effect is not necessary and direct heating desirable. 

The quantity of tar produced in the by-product 
ovens bears a fairly close relation to the volume of gas 
produced, and the question of its over-production in the 
growing scale of magnitude of by-product coke opera- 
tions may arise. The excellence of tar as a fuel not 
only in the open-hearth furnace but also in heating fur- 
naces and under boilers makes the possibility of its over- 
production remote. The present surplus over the needs 
of the tar refiners is used, as before stated, in combina- 
tion with coke oven gas, or, as in several plants, is used 
alone as a fuel in a manner similar to that for fuel oil, 
employing air or steam, particularly the latter, to 
atomize the tar and convey it into the furnaces. The 
burners are usually placed in the end walls following 
the system used for oil. Great care must be taken to 
maintain sufficiently high temperatures by means of 
steam coils in storage tanks and supply lines, to avoid 
the deposition of pitch-like material which quickly clogs 
up the supply system. There are possibilities, through 
better atomization and flame control, by means of im- 
proved burner design, toward the attainment of. very 
economical fuel consumptions as estimated on the 
B.T.U. per ton basis, 
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Fuel oil in its various stages from crude oil to resi- 
dues dates, in its use as open-hearth furnace fuel, back 
to the introduction of the basic process into this coun- 
try. It is a most convenient fuel, particularly for small 
plants. Its high flame temperature and easy control 
makes it suitable for fine steels or work in foundries 
where high tapping temperatures are necessitated by 
numerous shut-offs in pouring and thin, intricate cast- 
ings. Of late the quality and amount of fuel oil passed 
over for fuel uses in metallurgical industries by the 
refiner and the high sulphur content of many of the 
oils has made the use of oil both expensive and trouble- 
some. It cannot rank as a major fuel, and its supply 
is doubtful for steel making. 

In a number of open-hearth plants powdered coal 
has been used continuously as a fuel for a number of 
years, and has had extensive application for short pe- 
riods in other plants where acute shortages of natural 
gas and lack of space for gas producers made the pow- 
dered coal fuel appear as the best relief. Powdered 
coal, even so fine as to pass almost entirely through a 
300-mesh sieve, burns slowly as compared to gases. The 
extremely high velocities of injection into the furnace 
used in the past have prevented economical burning 
and have tended much toward the burning out of the 
brickwork on the outgoing ends. Lower velocities of 
introduction, volume air systems, use of primary air, 
have given the fuel a much better chance to burn effi- 
ciently in the furnace. Preheating the air for combus- 
tion adds greatly to furnace efficiency and speed. Ad- 
mitted that the powdered coal burning is of late show- 
ing much more promise, the problem of the ash, which 
greatly complicates the regenerating system and inter- 
rupts the furnace operation, must be solved. Powdered 
coal systems must in the future take their share of high- 
ash, high-sulphur coals, as must the gas producer. The 
cost of pulverized coal at the furnace is cheaper than 
that of producer gas for equal prices of coal. Steel 
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has not been made with powdered coal fuel as cheaply 
as by average producer practice. Powdered coal is still 
in a stage of evolution, and gives promise of replacing 
gaseous fuels in many processes. 

Natural gas, associated so prominently with the 
first stages of the basic open-hearth process in this coun- 
try, is the finest fuel as yet obtainable for the purpose 
of steel making. The next two years will no doubt find 
its use restricted to the domestic consumer, with a grow- 

ing demand for coke oven gas by the cities and towns. 


GENERAL EFFICIENCY OF FURNACES 


We can speak with pride of the place the open- 
hearth furnace has taken in filling economic needs, but 
as a conserver of man power and of fuel and of its effi- 
ciency in general and particularly from a scientific 
standpoint, we must speak apologetically, having seen 
so little of it manifested. There has been a sort of 
apathy toward improved labor-saving installations and 
a lack of desire for fuel burning efficiency and heat 
conservation as regards the open-hearth process. 

The blast furnace, already a much more efficient 
process, has been given a very much greater amount of 
constructive effort in this direction and the reward has 
been the more ready solution of fuel and ore problems 
as they continue to arise. 

From reliable observations made in the very few 
plants where thermal efficiency was deemed of sufficient 
importance to warrant thorough investigations and a 
staff for that purpose, we can get an idea of the very 
large field for improvement and of the economies pos- 
sible. Very reliable investigations, made at the Home- 
stead Works and already quoted before the Iron and 
Steel Institute by Mr. William Whigham, show us the 
following: of the total heat available in the open- 
hearth furnace, 14.16 per cent is in the steel at tapping, 
3.3 per cent in the slag, 2.78 per cent is used in reduc- 
tion of ore and calcination of limestone, 62.45 per cent 
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leaves the outgoing port to enter the checker chambers, 
22.93 per cent is absorbed by the checkers, 4.53 per cent 
is absorbed between the checkers and stack, and 34.99 
per cent is carried up the stack. Radiation and con- 
duction losses would total 17.31 per cent. 

The thermal efficiency of the regenerators, based on 
the ratio of the heat given up to the air and gas as 
against the total heat return to the regenerators, ranges 
from 20 to 38 per cent. 

The first consideration must be to get a greater re- 
turn from the heat passed on to each unit of the furnace. 
The burning of the fuel so as to melt the charge more 
readily, to promote heat transfer to the steel and slag, 
with complete combustion over the hearth, must be the 
first and most important achievements. . 

In comparing and reviewing gas burning systems, 
that condition which stands out most is the fact that 
our ports are a compromise to suit both conditions of 
entry and exit, so that the tendency is almost universally 
to make the area of the ports too large for the incoming 
air and too small for the outgoing products; also, in pro- 
ducer gas furnaces, for gas velocity to greatly exceed 
the air velocity through its port, a condition bad for 
rapid combustion and high flame temperatures. Our 
flames are usually too long and start too far from the’ 
entering port. 

In furnaces of present design, the mixing of air and 
gas depends on the inclination of the air to the gas port, 
the extension of the air port beyond the gas port to give 
the air access to the gas before entering the furnace 
chamber. It has been thought necessary to provide a 
heavy air blanket above the gas, so that the gas, being 
lighter than the air, would at least burn before it rose 
to a point where its combustion would damage the roof. 
Much better is a mixing of air and gas in the port so 
that combustion will start and finish while the flame 
still has direction along the top of the bath. The prod- 
ucts can then rise and, expanding, fill the furnace cham- 
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ber, giving their heat to bath and brickwork without 
damage to the latter, provided there is sufficient port 
area on the outgoing end. Another condition, as yet 
hardly appreciated, shows flames approaching too 
closely the outgoing end and incomplete combustion. 
We have for years taken stack samples, found excess 
oxygen and no carbon monoxide and have concluded 
that combustion was completed in the hearth chamber. 
Careful sampling and analysis of gases from outgoing 
ports at several of the Carnegie Steel Company’s plants 
lead to the conclusion that a condition of incomplete 
combustion may exist at the outgoing port, whereas 
the stack sample may show complete combustion due 
to its completion with excess air provided by leakage 
into the regenerator chambers, flues and valves. If we 
have had an excess of oxygen, as so frequently stated, 
it has been applied in the wrong place. 

The first step toward the efficient use of fuel is to 
give the flame direction, and this depends on the slope 
of the port roof, the size of the port opening and the 
velocities of the air and gas. The next step is to supply 
the necessary oxygen in such manner as to provide a 
thorough mixture and produce a short, hot flame. Air 
supplied under forced draft in combination with a sys- 
tem of contracting the incoming port area, while at 
the same time enlarging the outgoing port area, and vice 
versa on reversal of flow, helps greatly in providing 
the above desirable conditions and would allow the ad- 
mission of air directly into the gas port as with natural 
gas burning. Such relations have been illustrated in 
principle, in 1912, by Mr. C. A. MéCollum, of the 
Ffomestead Works, and stated by him, ina report cover- 
ing the efficiency of a furnace, as necessary with forced 
draft and desirable under all conditions. Fig. 15 is the 
reproduction of a diagram made by him at that time. 
The mechanism illustrated is simply to demonstrate 
the principle. 

The visible evidences of the embodiment of the above 
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Fig. 15.—Diagram to illustrate the principle of modifying the 
port areas on reversal 


principles will be a shorter and hotter flame, quicker 
melting, more easy heating of slag and steel, less tem- 
perature variation in the bath at the ends from one re- 
versal to another, and, finally, a much longer life of 
furnace brickwork. 

To those who fear that conditions which so help 
combustion may make for over-oxidation in producing 
fine steels, it may be said that conditions of good flame 
control, coupled with better combustion, will make, 
finally, for more certain furnace control in obtaining 
either an oxidizing or a reducing condition, as desired. 

The blast furnace stove is from 50 to 100 per cent 
more efficient than the open-hearth regenerative cham- 
ber. One of the reasons for the difference is the hori- 
zontal chamber of the open-hearth furnace as against 
the vertical type, where the air rises naturally and gets 
full benefit of all the area. More volume is necessary 
for regeneration than is usually given, due to the 
cramped space usually allowed for the regenerators. 
By deepening the chambers and using a chamber more 
nearly vertical in action, double the number of chambers 
could be put on the same area of ground space, afford- 
ing, thus, two extra chambers at each end for use in the 
system as the chambers in use clog up. By placing 
vertical regenerators of much greater height (stove 
type) near the stack, some of the efficiency and long 
service of the blast furnace stove could be obtained, 
and at the same time plenty of chance for deposition 
of dust in the flues. Much of the hard drudgery of 
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cleaning out and relaying regenerator brick can be saved 
by future planning and construction, and at the same 
time a greater return of heat units from the furnace 
obtained, with all the advantages of greater preheat in 
gaining fuel economy. The advantages of being able 
to put into service clean chambers as the ones in service 
choke up, irrespective of time of furnace repair, and 
those of having regenerative systems that are in good 
condition over many furnace runs are certainly worth 
trying for. Since regenerator brick are in general de- 
signed to withstand the frequent handling and relaying 
without breakage, being, therefore, thick, and being 
laid in a manner which usually sacrifices efficiency for 
a longer run, because the more frequent the checker 
removals, the greater the delay showing on furnace re- 
pairs, then a development in regenerator design will 
open up to us to a greater extent the advantages of 
thin brick with their quicker heat transfer and absorp- 
tion, and systems of laying more nearly adjusted to the 
laws of gases. __ 

The amount of heat loss by radiation and conduction 
raises the question as to the means of adding to the 
thermal efficiency of open-hearth furnaces by reducing 
these losses. The use of thick walls and roofs is open 
to the objection of excessive melting action on the brick 
due to the greater amount of heat retained, to the in- 
creased accumulations that result, and there has been 
determined by practice in many cases a maximum thick- 
ness of brickwork, for which the radiation losses are 
balanced by the beneficial effects of cooling in presery- . 
ing the brick. To suit such conditions there is necessity 
for development along the line of increased refractory 
quality in the brick, together with better insulating 
qualities in cutting down the amount of heat trans- 
mitted. 

Portions of the furnace system not subject to the 
high temperatures adjacent to the hearth ‘and ports 
as, for example, the regenerative system and flues, may 
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very well be made the subject of experiment as to the 
effect of better heat insulation, following the line of work 
being carried out in reference to blast furnace stoves. 
This would tend to further efficiency in the regenerators 
and add to the economy of the use of waste heat boilers. 

Since from 35:to 45 per cent of the total heat deliv- 
ered to the furnace is wasted to the stack, a recovery 
of 60 per cent or more by means of waste heat boilers 
is a paying investment. Their use is a well-developed 
feature of many plants, and is particularly economical 
in the case of gas producer furnaces with their large 
volume of waste products. With natural or coke oven 
gas as a fuel, not over 80 per cent as much steam can 
be generated as on the producer gas furnace. The fans 
in connection with boilers are materially beneficial in 
the latter part of furnace runs in promoting furnace 
draft. 

Allowing for all of the improvements made in me- 
chanical equipment for handling both charge and prod- 
uct, for all those made in furnace design and structures, 
we have still very serious problems in furnace efficiency 
and also in the application of improved furnace design 
and labor-saving methods to the problem of eliminating 
manual labor. The latter object must be obtained not 
only by making the final furnace repair less difficult, 
but also by means taken to prevent “choking up” during 
the furnace run and to obtain less frequent repairs while 
maintaining furnace efficiency. To these problems the 
open-hearth man, the engineer and manager should give 
very serious attention, and all must realize that there 
is with them an ever-present obligation to solve these 
problems for the good of all. 


Basic OrpEN-HEARTH STEEL PRACTICE 


_ The basic open-hearth process, making it possible 
to operate with widely varying percentages of pig iron 
and scrap in the charge, can, more readily than any other 
steel-making process, accommodate itself to local con- 
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ditions without undue increase in costs, and for this 
reason has had more modifications than have other 
processes. 

Allowing for a cropping off from the average ingot 
of 25 to 80 per cent between its initial bulk and final 
form as placed on the market, a final return of nearly 
all steel and iron scrapped in service, deduction of the 
amount used in the blast furnace, bessemer and acid 
open-hearth, and for a normal increase in demand for 
steel products year by year, then the charge for the 
basic open-hearth furnace will tend to approach an av- 
erage of 40 per cent steel scrap and 60 per cent iron. 
Where pig iron is relatively high in price and scarce, 
the scrap charge may be very high, in rare cases nearly 
100 per cent, when coke must be charged to give carbon 
in melting. This may also be the case where an open- 
hearth plant has been built where a bessemer plant (a 
very small user of scrap) already existed, which con- 
dition may reduce the pig charge as low as 40 per cent. 
Other localities may have a relatively cheap and plen- 
tiful supply of iron. The usual arrangement in this 
case is a duplex plant (bessemer and rolling furnaces ) 
in combination with stationary open-hearth furnaces, 
and in practically all such cases it will be found that 
the duplex plant has been added last to the equipment, 
as a means of best adjusting the production of steel to 
the available charge. Stationary basic furnaces do not 
operate to give good practice on a charge running 
higher than 60 per cent pig, because of excessive over- 
flow slags and comparatively high losses. It is, there- 
fore, deemed economy to use the duplex plant as a 
balance, and since it, for the most part, takes its charge 
entirely of blown metal and adds, through its product, 
to the supply of steel scrap for the stationary furnaces, 
it helps greatly in giving them a satisfactory adjust- 
ment of scrap to pig iron in order to operate at best 
efficiency. 

By far the largest part of the basic open-hearth 
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tonnage is produced in the stationary furnace, and the 
large part of this tonnage is made by a combination of 
the pig and scrap and Monell processes, the charge 
ranging from 53 to 60 per cent pig iron, for the most 
part molten. Limestone, ore and scrap are charged 
in order, and after two or three hours, when the molten 
metal is added, a reaction starts and continues with 
oxidation of silicon, manganese, phosphorus, iron and 
to a small extent the carbon, forming a slag high in 
iron oxide and silica and low in lime and magnesia and 
containing a large part of the manganese and _ phos- 
phorus, which is allowed to drain for the most part from 
the furnace. As the heat melts, the lime forms the usual 
tapping slag. Such a procedure, although causing a 
loss of iron and manganese in the run-off, nevertheless 
makes for faster working on high pig charges and allows 
for satisfactory tapping slags on lower lime burdens, 
saving, finally, the extra iron as oxide that a more bulky 
slag would carry. As conditions warrant the lowering 
of the pig percentage below 50 per cent, then the de- 
creasing ore charge, as scrap charge is raised, and the 
lower initial content of silicon, manganese, etc., tends 
to automatically make the operation a pig and scrap 
process. 

In two cases only is the duplex process used because 
that process suits conditions metallurgically better than 
does the pig and scrap process, and produces a product 
economically that would otherwise be more difficult. 
The first case is due to high chromium pig irons, which 
condition can be better met by first bessemerizing and 
then working through the basic open-hearth furnace. 
The second case is that of the South, where with pig 
irons running .80 to 1.00 per cent phosphorus it is ex- 
tremely desirable to desiliconize and decarburize in an 
acid bessemer converter, and on the transfer to a basic 
open-hearth furnace of the rolling type with the careful 
exclusion of the converter slag, refine under a slag 
formed from a nucleus of lime and iron oxide so as to 
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reduce the phosphorus in the steel and form a slag rich 
in phosphoric acid (well above a minimum of 18 per 
cent phosphoric acid), which can be skimmed off for 
final preparation as fertilizer and a new slag made, 
finally reducing the phosphorus content of the steel 
below .04 per cent and allowing the steel to be tapped 
and finished in the ladle by necessary additions; or the 
metal, with phosphorus reduced to .07 per cent and 
phosphorus in the slag well above the minimum required 
for use as fertilizer, may be transferred to another fur- 
nace and finished. 

The uses of the duplex process, other than the two 
cases cited, are primarily for rapid production under 
conditions where pig iron is relatively easy to obtain, 
and a balancing of scrap supply, as before described, 
is necessary. Tilting furnaces, for the 100 ‘per cent 
blown metal charge, are preferable because of the ease 
in getting rid of the excess slag at the time of reaction. 
The charge, other than that of starting up, may be 

-10 per cent 
carbon, followed by a high carbon ladle called the 
“kicker.” This is-the more common practice. Better 
practice is the use of molten pig iron as the “kicker” 
because of the larger amount of manganese introduced. 
In this respect, the general absence of man 
the bath, the duplex process is at a disadvant 
anced against its frequency of tapping 
from one and one-half to four hours fro 
is the additional loss in conversion of 
4 per cent. 


The cost of plant complete per ton of ingots will. 
be practically that of the cost of stationary furnaces per 
ton. As for the quality of duplex steel as against the 
product of the stationary furnace, it supplies a large 
amount of steel for the trade and for many purposes 
satisfactorily. There is ample field for its output, and 
unfair comparisons with stationary furnace products 


ganese in 
age. Bal- 
(heats range 
m tap to tap) 
3 per cent to 
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that require considerable extra attention in the making 
are unnecessary. 

Definite results in making high quality steels can 
be attained a little more often in the acid furnace than 
in the basic furnace, because acid furnace slags adjust 
themselves more readily and attain more nearly equi- 
librium, thus restraining the unbalanced activities of 
iron oxide with respect to the bath. The stationary 
basic open-hearth furnace, on its usual pig and scrap 
program, provides a considerable margin in this respect 
over the duplex process, and allows for greater control 
than is possible with the violent reactions due to the 
“kicker” and the difficulty in limiting to the right 
boundary of’ action the swift, powerful reactions so 
necessary for speed. The lack of manganese in the bath 
is, under these circumstances, a more serious disadvan- 
tage, coupled with the necessary practice of large addi- 
tions in the ladle and so little time for inclusions to 
rise in either furnace or ladle. If good steel is to be 
made by the duplex process it is necessary to have a 
sufficient amount of manganese in the bath as well as 
in the slag. 

To provide a very flexible system as to expansion 
and contraction of output; to retain the advantages of 
rapid decarburization and desiliconization of the besse- 
mer converter and the advantages of balancing up of 
pig and scrap supply, the use of blown metal in a sta- 
tionary furnace with both scrap and molten pig iron 
offers great inducements and in the long run finds a 
broader application than the straight duplex. Con- 
siderable increase in tonnage over the ordinary ore, 
scrap and hot metal charge is possible, and a residual 
manganese of fair amount will be present. The product 
will be practically equal in quality to that of the usual 
stationary furnace process. 

The Bertrand-Thiel and Hoesch processes, whose 
application are as yet confined to Kurope, have been 
considered in this country because of their use of a 
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furnace to carry out the roughing stage for elimination 
of silicon. It has been considered advisable to make 
the “roughing” furnace more nearly a large mixer, con- 
siderably larger than the finishing furnaces, and oper- — 
ating at lower temperature. Silicon in this washing 
furnace would be largely eliminated. Manganese would 
be eliminated in rough proportion to the silicon, the 
less eliminated, however, the better. Carbon would be 
reduced but very little. 

Phosphorus would be affected to greater or less 
degree, depending on the temperature, the amount of 
oxides charged and lime fed, and on the desire for high 
phosphate slags in the finishing furnace when desirable 
for fertilizer. It has been thought possible by these 
means to avoid the large losses in bessemerizing and 
gain iron from large ore additions in the primary fur- 
nace or mixer. There is as yet insufficient understand- 
ing of the best method of working the process or the 
best field for its use, but it has inherent possibilities 
in promoting a greater output at more regular intervals, 
while turning out a product of good quality. 

Little can be said about the compositions of pig iron 
desirable without going extensively into the practice 
and requirements of many plants. Average basic re- 
quirements call for silicon averaging 1 per cent, phos- 
phorus has as yet not been troublesome, sulphur should 
be preferably under .040 per cent, since the open-hearth 
process can do so little to. reduce its contents in the 
charge except by wasteful expenditure of time and 
wasteful use of manganese. The manganese content 
varies quite widely by reason of certain desired benefits 
in the process. The manganese content and the quality 
of pig iron in general will be further discussed in the 
following paragraphs. For duplex plants, iron of 
bessemer quality, except as to phosphorus, is, of course, 
necessary, with silicon content ample to insure warm 
bessemer blows and manganese not so high as to permit 
“slopping.” The sulphur content, as in case of the basic 
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iron, must be regulated to the specifications of the trade. 

The use of molten metal, dating back nearly to the 
beginning of the process, has increased with the develop- 
ment of output until at the present time it constitutes 
the greater part of the iron charge. Its use effects 
a decided saving‘in time and fuel. The metal mixer 
has further contributed greatly to the economy of the 
process by giving a greater regularity to the supply 
and a more nearly constant chemical composition. 

By far the larger part of the pig iron for basic 
open-hearth use is graded and accepted on analysis only, 
and very little attention is now paid to the physical 
characteristics and condition of the iron, except in the 
case of a few plants where it is bought in pig form and 
graded on both analysis and fracture, following a prac- 
tice that has given good results in quality production. 


GENERAL CoNSIDERATIONS RELATIVE TO QUALITY 


High manganese pig iron has found quite extensive 
use in the making of steel of required high quality in the 
basic open-hearth furnace. The general methods of 
procedure are, to make practically all the basic iron high 
in manganese, say 1.50 to 2.00 per cent, or to concen- 
trate all attention in this respect on certain of the 
highest quality products with a pig iron from one or 
two blast furnaces running up over 2 per cent, using a 
low manganese basic iron, say .90 per cent to 1.10 per 
cent, for the balance of the product. The general 
difficulty in the case of spreading the high manganese 
iron over all the product is the large manganese loss 
in the run-off from the average trade heat with high pig 
percentage. Undoubtedly the greater return is ulti- 
mately in concentrating the high manganese iron in the 
higher quality heats where the usually lower pig charge 
makes for a higher residual manganese and_ higher 
manganese content of tapping slag, because of a very 
small or no run-off slag. 

There is possibly no element that functions so well 
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in both steel and slag as does manganese. In the first 
place it confers fluidity on the slag as well as basicity. 
It tends to prevent the absorption of sulphur by the 
iron in all stages of the heat and to break FeS when 
formed. It acts in the latter stages of the heat to de- 
oxidize the bath and to lessen the total amount of non- 
metallic inclusions. Very careful study of conditions 
arising in finished steel for varying manganese content 
of pig iron used, made at the South Works of the 
Illinois Steel Company, has shown its effect in helping 
to control the influence of high sulphur fuels and its 
general effect in giving a lower sulphur content in the 
steel together with a better quality. For example: the 
value for sulphur content in the steel and for rejection 
at the rolling mills over a stretch of 4,336 heats show 
increasing sulphur content in the steel, and increasing 
rejections on the product of the rolling mills as the 
manganese content of the pig iron is reduced. For iron 
of 1.90 per cent manganese, a sulphur content of .034 
per cent is shown and a figure for rejections of 7 per 
cent; and an increase in sulphur content to .04 per cent 
and a figure for rejections of 101% per cent for iron of 
1.15 per cent manganese. Manganese in pig iron, 
through its subsequent presence in slag and steel, is 
admittedly an aid towards the correction of bad in- 
fluences and tendencies in steel making and certainly 
allows us a little more leeway in use of high sulphur and 
poorly refined, nonuniform pig irons. Some claim that 
it helps toward more regular working in the blast fur- 
nace. 

We must allow for all the cases where manganese 
comes in to round out processes and add the necessary 
refining action for good product, for all the benefit de- 
rived in the manufacture of very fine steels, but we must 
certainly count the cost when manganese is used in an 
attempt to correct the evils of bad iron making and bad 
steel making. We must admit first that all the effective 
manganese added in the pig iron is not available in slag 
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and steel because of losses in the run-off slag of the 
_ average heat, unless we slow down the production by 
retaining all products of oxidation of silicon, manganese, 
phosphorus and iron in the furnace, charging a larger 
amount of lime, and in the long run ending with a slag 
too large and unwieldly, which restrains rather than 
helps the effect of both carbon and manganese. Man- 
ganese being an expensive addition in pig iron, and 
allowing for the fact above stated as to amount of 
manganese in the average heat available for the good 
effect it has, then we must make very conscientious 
efforts to improve the quality of the pig iron and elim- 
inate to as great an extent as possible poor quality, high 
sulphur irons, and to make every effort count in pro- 
moting correct principles and methods in our steel 
making, rather than pay for the manganese that must 
correct deliberate points of omission and carelessness, in 
addition to that amount which justifies itself. Manganese 
ore can be used to good effect but not so economically 
as high manganese iron. Manganese oxide is more 
readily reduced in the blast furnaces and functions bet- 
ter in the steel by working from steel to slag. 

The attempt to work pig iron high in sulphur into 
the charge by use of heavy lime burdens is one that is 
extremely wasteful of time and material as against the 
results obtained. The large amount of lime makes for 
excessive volume of slag, for poor transfer of heat to the 
steel, and this condition is further complicated by the 
viscosity of the slag which tends to hold larger amounts 
of iron oxide in its attempts to attain fluidity at the 
proper temperature for steel making. Manganese in 
the pig iron is here an aid through its oxide in promoting 
fluidity but its use is comparatively expensive as against 
the net results obtained. Sulphur is so much more 
readily and cheaply eliminated under the reducing con- 
ditions of the blast furnace that the attempt in the basic 
open-hearth furnace occasions a net loss. 

High sulphur content in the pig iron is very often an 
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indication of bad conditions in the blast furnaces, at- 
tempts at a reduction of the basicity of the blast 
furnace slag, of variations of temperature in con- 
trolling the silicon content, and we have rather 
fallen into the habit of attributing the sluggish pig 
iron and the bad results obtained in working the 
subsequent products of the open-hearth furnace to the 
sulphur content of both pig iron and finished steel. 
Thoroughly reduced, “rich” pig irons are absolutely 
necessary to good steel quality. The use of pig iron 
from special furnaces, where the effort was constantly 
directed toward an output of uniformly good iron, and 
from which no iron made in the periods of irregular 
working was accepted for high quality steels, has been 
found of great benefit in the manufacture of armor 
steels at the Homestead Works. 

Very high quality forging steel has been made at the 
Homestead Works by use of both high and medium 
manganese content of the charge and a brief discussion 
follows. No high manganese iron being available, the 
manganese was charged in form of spiegel both with the 
pig iron and in subsequent additions to the bath during 
the working of the heat, the total amount added being 
equivalent to 5 per cent manganese in the iron charged 
and 2.20 per cent in the total charge. The resultant slag 
averaged 12.8 per cent FeO (all iron oxide estimated in 
this form), 14.5 per cent SiO» and 18.85 per cent MnO. 
The residual manganese at tap was .41 per cent. In the 
regular practice in making this steel the manganese con- 
tent of the pig was 1.25 per cent and the content of the 
total charge .60 per cent. Two additions of 60 per cent 
ferro-manganese were made during the last hour of 
working the heat, totaling .53 per cent Mn as referred 
to the total charge. The resultant slags averaged 15.85 
per cent FeO, 19.10 per cent SiO:, and 10.97 per cent 
MnO, and the residual manganese was .24 per cent. 
The second or regular procedure worked equally as well 
as that using very high manganese content in the charge. 
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This will introduce the question of the relative merits 
of the procedure where manganese is present in pig iron 
and the heat during melting and working, and that 
where lower residual manganese exists during the work- 
ing of the heat but with manganese added in con- 
centrated form as spiegel or ferro-manganese in the last 
stages of the working. The latter procedure serves to 
obtain very excellent results in the deoxidation of steel 
and the elimination of inclusions and is more economical 
in manganese. Both methods give excellent results in 
making high quality steels and like many other questions 
in steel making, many careful comparisons must be 
made before we can generalize by saying that one or the 
other is better. | 

The slag, notwithstanding the fact that it is the 
medium, during the major portion of the heat, through 
which heat is transmitted to the bath of metal, for the 
completion of the oxidation, and for the larger part of 
the refining action, has had comparatively little study in 
its relation to “everyday” production. We cannot 
arrive at “worth while” conclusions in this study so long 
as we compare slag analyses as revealed only through 
the percentage of the various oxides present. There is 
an absolute necessity for the comparison of the weights 
of the elements as oxidized and going into the slag, 
which means a knowledge of the usual relation of slag 
weight to charge and of the relations by weight of 
tapping slag to run-off slag when the latter enters into 
the process. The determination of slag weights and 
the relative weights of the elements oxidized and going 
into the slag need not be made nearly so often as the 
slags are sampled and analyzed. 'The last mentioned 
work should be done frequently and the analysis by 
weights applied at intervals for check. Only by such 
painstaking methods can we arrive at the best slag 
volumes necessary for the best relations of quality and 
production, and from this we get the proper lime burden 
to give the necessary basicity relative to the acids 
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present plus an excess up to the point where the slag is 
sufficiently fluid and also neutral to the hearth, and 
greater lime additions interfere, through promotion of 
viscosity, with the heat transfer through slag to steel and 
the proper functioning of the slag. Viscosity further in- 
troduces the factor of increasing slag volumes, since the 
slag in adjusting itself to a condition of fluidity neces- 
sary at its temperature, takes up iron as iron oxide from 
the bath or retains-iron oxide from oxidizing additions 
made to the bath, thus increasing the losses, while at the 
same time introducing again the factor of increasing 
difficulty in transfer from flame to steel through the 
greater slag depth. 

A careful checking of the amount of heat necessary 
to raise the slag to and maintain it at tapping tempera- 
ture, and comparison with the amount of heat necessary 
in the steel for the same purpose, will reveal the fact that 
considerable heat used in excess slag volumes could be 
made available for the production of steel. We can 
therefore have the following factors as affecting slag 
weights and which can reduce the amount of heat neces- 
sary to raise the slag to the tapping temperature and 
keep it sufficiently fluid, thus giving a better proportion 
of heat to the bath of steel: 


(a) The quality of materials charged and par- 
ticularly the pig iron. The good charges neces- 
sary in high quality production therefore give 
incidentally a better slag volume for good 
working. 

(b) Careful consideration of the weight of lime 
charged. 


(c) Early removal of a portion of the slag in those 
cases where high percentage of iron in the 
charge, together with the quality of the iron, 
make for large amounts of the products of 


oxidation which dilute the lime additions and 
raise the slag volume. 
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Manganese must here again be mentioned for its 
effect through its oxide in the slag in promoting fluidity 
—while at the same time increasing the basicity, for its 
effect in reducing the iron oxide content of the slag, its 
tendency as a desulphurizer, and final effect in aiding in 
the removal of non-metallic inclusions. 

Pouring temperatures have received a great deal of 
discussion during the last three years because of the 
necessity of making very large tonnages of ordnance 
material and other important uses where lightness was 
desired with strength. Many definite opinions were 
expressed as to the part the temperature of steel has 
in the production of flakes, woody structure and oxide 
inclusions, and were in some cases applied in an attempt 
to generalize statements as to pouring temperature in 
its application to various steel-making methods in many 
plants, without having real quantitative data as to tem- 
perature. Long continued observation of pouring 
temperatures on certain classes of steel of fairly definite 
composition and with ingot volume fairly constant, lead 
one to the belief that observations, even with the best 
methods, are relative and must be applied only to the 
work in hand. An indication of the fluidity of the steel 
as observed from the formation of skull in the ladle is 
probably at present the best indication of the tempera- 
ture of the steel at pouring. 

In one campaign of extremely high pouring tem- 
peratures at the Homestead Works we were struck by 
the greatly increased cutting of the refractories of the 
-ladle lining. This raises the point as to whether very 
high temperatures at tapping and pouring as a result of 
an effort to rid the steel of inclusions does not make later 
conditions in pouring which may introduce a larger 
quantity of foreign material into the steel and with very 
little time to rise. Steel poured at a temperature which 
makes for a condition very slightly above the skulling 
point has been found very good practice in making alloy 
steels. For general conditions of steel making, the 


360 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


evidence of a very small skull shows best temperature at 
pouring. 

Much can be said of the methods used at the end of 
the process in making alloy additions, of the desirability _ 
of eliminating as much as possible the “killing” of the 
steel in the molds and of the merits of bottom pouring 
as against top pouring. In a general discussion of the 
process within the confines of this paper, brief comment 
only can be made and a presentation of the various sub- 
jects must be left to other papers. 

_ Nickel additions can be made in the initial charge 
with but slight losses. Chromium, due to its high oxida- 
tion losses, is best added as an alloy of iron and chro- 
mium in the bath before tapping, with sufficient time (a 
maximum of 35 minutes is usual) to thoroughly melt the 
alloy and give a uniform bath content of chromium. The 
loss of chromium by this addition ranges from 20 per 
cent to 30 per cent, depending on the carbon content of 
the bath. Manganese additions on high quality steel are 
best made in the bath before tapping. Quite usual is a_ 
combination of bath and ladle additions of manganese, 
with a growing proportion of manganese in the bath ad- 
dition as we approach the higher quality steels. 

The loss of manganese in the bath is usually twice 
that in the ladle. The use of crushed ferro-manganese 
through a chute promotes efficiency and.also uniformity 
of content in the steel in the case of ladle additions. 

Molten spiegel additions in the ladle have been used 
largely in making manganese additions on high carbon 
heats such as rails and the carbon content of the addition ° 
naturally restricts the use to such high carbon heats. 

Ferro-silicon for the silicon addition must be made 
in the ladle because of great losses resulting from oxida- 
tion of bath additions and the danger of rephosphoriza- 
tion of the steel. Introduction of finely ground ferro- 
silicon through a chute into the tapping spout of the 
furnace as the steel is running out gives very good re- 
sults in ‘obtaining uniformity of silicon content and re- 
duces the loss of silicon as low as 20 per cent. In this, 
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the addition of silicon to the steel, the acid furnace has 
many advantages. 

There is a growing tendency toward the elimination 
of methods of deoxidation as applied in the ingot 
mold by powerful deoxidizers such as ferro-silicon 
and aluminum. Exceptions are made in the case 
of shell steels and other high carbon steels where even 
slight porosity is objectionable. It is, in general, 
thought better at the present time to take preventive 
measures during the making of the heat, rather than 
attempt to cure by rapid and powerful deoxidation at 
the last stage, which is the pouring of the ingot. Small 
amounts of deoxidizers may be used to advantage at 
times in preventing sponginess in the solidified ingot, 
but not those amounts which cause such rapid solidifica- 
tion of the top of the ingot that the gases have but little 
chance to be liberated from the ingot, and which tend 
toward the formation of pipes and gas pockets. Con- 
siderable discussion is necessary to bring out the proper 
uses of such deoxidizers. There is a great need for 
deoxidizers whose products of oxidation are easily fusi- 
ble at pouring temperatures so that they will unite and 
rise to the top of the ingot. 

There is also a growing tendency toward a recogni- 
tion of the proper place of bottom pouring as a method 
and a better recognition of the merits of top pouring. 
Bottom pouring, as applied to the steel product 
as a whole, can be considered as useful only where very 
smooth surface conditions in the finished product are 
desired, and with little regard for the interior condition 
of the ingot. More careful regulation of the speed of 
pouring has greatly improved surface conditions in top 
cast ingots. The advantages of churning action in pour- 
ing toward the better elimination of gases from the ingot 
before solidification and the better temperature allowed 
.for pouring (considering the extremely high tempera- 
ture necessary in pouring large groups of bottom cast 
ingots) make for a final soundness and uniformity not 
usually obtainable by bottom pouring methods. 
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Notwithstanding a full appreciation of all that has 
been contributed to the art of steel making by the vari- 
ous methods in which the basic open-hearth process is 
applied, there is among thoughtful open-hearth men a 
very definite belief that much can be done toward fu- 
ture improvement and that the possibilities are fully as 
great as they have ever been. The growth of capacity, 
it is true, has outstripped the growth of efficiency in the 
methods used in employing the process, but we are get- 
ting, gradually, a better vision of our responsibility in 
applying methods of conservation to our resources of 
fuel, to the heat energy in our furnaces, and to what is 
of greatest importance, the problem of labor-saving. 

All the greater are our responsibilities and obliga- 
tions in the task of advancing the art of steel making 
when we consider all that science and engineering can 
contribute, if we can thoroughly realize our needs and 
so present them, doggedly, perseveringly, day by day, 
that both science and engineering will be constrained, 
even inspired, to help us in their solution. Science must 
also help us, to a measure undreamed of in the past, 
in the solution of many of the problems which are con- 
fronting us in the use of our resources of raw materials 
for the production of steels on which there are placed 
ever more severe requirements, and we must keep before 
us the fact that there is ever an increasing need for 
quality in our product. 

The basic open-hearth process embodies a great and 
enduring principle which may for many years find 
application in our steel-making processes, although 
through instruments and methods of which we as yet 
have no conception, or, knowing of them, have not yet 
the vision that enables us to see them in terms of their 
ultimate economic value. 


_ Vicr-Presipent Scuwas: Mr. Toy’s paper will be 
discussed by W. A. Maxwell, Jr., Assistant General 
Superintendent, Cambria Steel Co., Johnstown, Pa. 


THE BASIC OPEN-HEARTH PROCESS 


DISCUSSION BY W. A. MAXWELL, JR. 


Assistant General Superintendent, Cambria Steel Company, Johnstown, Pa. 


_ It is a pleasure to have the opportunity to take part 
in the discussion of Mr. Toy’s paper. He has handled 
the subject with such masterly vision that it leaves 
almost nothing to criticize and everything to commend. 

Therefore, I shall deviate from the general lines of 
discussion and simply attempt to emphasize that part 
of his paper relative to furnace lines and general effi- 
ciency, with the idea of conveying to each one of you 
thoughts which have been uppermost in the minds of 
open-hearth operators for years, particularly with re- 
spect to the operating difficulties and lack of encourage- 
ment necessary to perfect a more efficient furnace. 

As pointed out by the author, blast furnace develop- 
ment has been followed by real constructive effort, while 
in open-hearth development there has been an apparent 
unwillingness to depart from conventional lines adopted 
many years ago. With the exception of minor changes 
in port and roof construction, larger hearth and regen- 
erator areas, the furnace lines have been practically the 
same since 1890. 

It is the opinion of all open-hearth men that there 
is an urgent necessity for improvement in the construc- 
tion of open-hearth furnaces, both from the metal- 
lurgical and economic viewpoint. 

The present type of furnace is not a success eco- 
nomically or metallurgically: economically, because it 
is a heat waster and man waster; metallurgically, be- 
cause its life is so short and the demand for tonnage so 
insistent that the superintendent is frequently compelled 
to make certain grades of steel on a furnace which 
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should rightfully be undergoing repairs because of the 
defects in furnace design. 

It is common practice at plants making the higher 
grades of steel to employ in the manufacture of that 
material only those furnaces which are at their highest 
point of efficiency. This period of high efficiency repre- 
sents not more than 60 per cent of the furnace cam- 
paign. In other words, the quality of the steel is pri- 
marily dependent upon furnace efficiency. 

From 1890 to about 1905 the managers and engi- 
neers showed distinct reluctance to make any radical 
departures from generally accepted principles of de- 
sign, and the operators were too busy in making those 
minor changes, which we find embodied in the present- 
day furnaces, to attempt any pioneering which would 
lead to a decided change in design. 

Since 1905 there have been a number of large open- 
hearth plants constructed, but even the very recent fur: 
naces are still of the conventional design. Some of 
them have been built upon ground lacking natural — 
drainage, with no attempt to divert the water from 
permeating the flues and regenerators. This invariably 
results in inefficient and costly furnace operation for 
all time. 

Some furnaces have been built with shallow regen- 
erators for no other reason than that of keeping the 
regenerator bottom above the high-water mark. Floods 
occur about once in every seven to ten years and inter- 
fere with furnace operations for a matter of only a 
few days. The lifetime efficiency of the plant is sacri- 
ficed for these few days. Most furnaces are designed 
to accommodate the building, or an allotted space, 
rather than the reverse, which would be more logical. 
Where space is limited, fewer furnaces of better design 
would produce an equal tonnage of better steel at a 
lower cost. 

Among other very apparent errors in design may 
be cited insufficient cinder-pocket capacity: 

pocket capacity ; hearth areas, 
which have no relation to resultant slag volume, and, 
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in some cases, to the kind of fuel available; valve and 
flue area and stack dimensions, which are not consistent 
with furnace capacity and fuel. 

The development of the by-product coke industry 
has provided tar and coke gas, which, from an economic 
‘standpoint, should be utilized as fuels for furnaces. 
This, together with the shortage of natural gas in cer- 
tain localities, has led to their application to furnaces 
which had been developed for natural gas and producer 
gas. Pulverized coal has also been introduced, which, 
together with tar and coke gas, requires high pressure; 
and furnace lines are so much restricted that any radical 
change is prohibitive. 

Reasonable requests in the way of appropriations 
for aid in the development of a more efficient furnace 
have been denied for no apparent good reason, and at 
a time when money was plentiful, and in spite of the 
fact that the shortage of natural gas and the increased 
production of tar and coke gas has been very evident 
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for the past ten years. Frankly, the operator has not 
had sufficient encouragement and assistance from man- 
agers and engineers to develop successfully the applica- - 
tion of these new fuels. 

Embodying the principles the author has outlined 
under “General Efficiency,” I show in Fig. 1 an outline 
of a furnace designed to occupy the same ground area 
as is required by present furnaces. 

This type of furnace should be more efficient than 
the present design for several reasons: deep, vertical 
regenerators similar to blast furnace stoves and two 
extra regenerators; also a large flue leading from the 
. cinder-pocket to the regenerator, which is easily accessi- 
ble for cleaning purposes. The main objection to this 
type of furnace is that of water in the regenerators and 
the inaccessibility for cleaning. These objections can 
be met by embodying Mr. Toy’s suggestion of vertical 
type regenerators placed near the stack, similar to blast 
furnace stoves. Many open-hearth men have advocated 
blast furnace stove type regenerators for many years. 

With more efficient and accessible regenerator sys- 
tem embodying spares, and with the improvements in 
water cooling of furnace “vitals,” is it not reasonable 
to assume a life of at least 1,000 heats as compared to 
the present meagre 200 or 800 heats?. The increased 
production presents an economic phase of the subject 
that cannot be ignored, and the decrease in man power 
is another important item which should be carefully 
considered. 

It is only too apparent that a more thorough study 
and co-ordination of available data is urgently neces- 
sary if the future of open-hearth practice is to keep 
pace with. further development in the other departments 
of modern steel industry. 


Vice-Presment Scuwas: Mr. Joy’s paper will be © 
further discussed by Mr. S. J. Cort, Superintendent, 
Open-Hearth Department, Bethlehem Steel Co., Beth- 
lehem, Pa. ; 


THE BASIC OPEN-HEARTH PROCESS 


DISCUSSION BY STEWART J. CoRT 
Superintendent, Open-Hearth Department, Bethlehem Steel Co., Bethlehem, Pa. 


Those of us who are interested in the manufacture 
of steel by the basic open-hearth process are indebted 
to Mr. Toy for his instructive and comprehensive paper. 

The open-hearth man realizes that his process has 
not been standardized to the same extent as that of 
the blast furnace, nor have his problems received the 
same attention from a scientific and engineering stand- 
point. We earnestly solicit this aid, for we are con- 
stantly receiving demands for a higher grade of product 
to meet the ever-widening circle of uses to which the 
steel is put. The increasing cost of raw materials, and 
the necessity of using those of poorer quality, make it 
all the more imperative that more efficient methods of 
operation be devised. 

The paper has brought out the extreme flexibility 
of the process, relative to the percentages of pig iron 
and scrap that may be used to meet local conditions, 
and the high-grade steel it can produce. Its limitations 
have also been brought out and some of these I wish 
to emphasize. 

The quality of the steel that an open-hearth furnace 
is able to make depends in a large measure on the nature 
of the raw material used, the pig iron and producer 
coal being the two most troublesome items. It has 
’ been established by numerous tests that the quality of 
the steel from the basic open-hearth furnace varies di- 
rectly with the blast furnace operation. When the blast 
furnaces are working irregularly, casting “buck shot” 
iron and varying widely from cast to cast in silicon 
and sulphur content, it is very difficult to make a satis- 
factory grade of steel, although every corrective agency 
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known to the steel maker is employed. The open-hearth 
demands an iron rich in graphitic carbon, showing an 
open gray fracture and leaving the hearth of the blast 
furnace with a high physical temperature, which means 
keeping up the coke ratio to secure that temperature, 
and sufficient lime on the burden to control the silicon 
in the iron. An excess of both carbon and lime must be 
present to insure the conversion of iron sulphide to cal- 
cium sulphide in order to give a low-sulphur pig iron 
properly reduced and free from slag. 

The quality of the gas coal used for making steel 
is another item that affects the sulphur in the finished 
steel. The largest percentage of open-hearth furnaces 
today use producer gas as fuel and will no doubt con- 
tinue to do so for years to come. The difficulty in se- 
curing sufficient amounts of low-sulphur coals calls for 
a more careful study of the nature of the sulphur in 
the coal, its removal and the absorption of the sulphur 
from the gas by the bath. 

The sulphur occurs in the coal mostly as iron pyrites, 
while free sulphur, organic compounds, calcium sul- 
phate and iron sulphate may be found. On gasification 
about 98 to 99 per cent of the sulphur content of the 
coal passes over from the producer in the gas as hydro- 
gen sulphide, carbon bisulphide and sulphur dioxide, 
only 1 to 2 per cent of the sulphur remaining in the 
ash in the producer. Some of these compounds break 
down, dropping the sulphur in the flues and bottom of 
the regenerators, and may be carried up the stack in 
the waste gases on reversal. The sulphur, on entering 
the hearth, is oxidized to sulphur trioxide either cata- 
lytically or directly by oxygen at the high temperature 
of the hearth. The sulphur trioxide readily reacts with 
lime forming calcium sulphate; calcium sulphate, com- 
ing in contact with the iron in the bath, may react as 
follows: 

CaSO, + 4Fe = FeS + CaO + 8FeO 
The iron sulphide is readily soluble in the bath. The 
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residual manganese in the bath will generally protect 
the bath from this sulphur absorption, but not in all 
cases. With coal low in sulphur it is often possible to 
produce a steel with less than 50 per cent of the sulphur 
contained in the scrap and pig iron charged; while again, 
with a high-sulphtir coal the bath may continue to go 
up in sulphur; both heats showing the same residual 
manganese in the bath with nearly identical slags. 

In studying our problems we are confronted with 
the difficulty of actually knowing what chemical reac- 
tions take place in the hearth at 3,000° F. and the ques- 
tion arises: Do reverse reactions take place at high 
temperature—i. e., does iron sulphide form in prefer- 
ence to manganese sulphide? 

There are certain other conditions which we do not 
clearly understand. The practice of one shop compared 
with that of another may vary widely in the sulphur 
content of their finished steel, even though their initial 
charges and fuel show the same sulphur content. 

As early as 1890, Ledebur raised the question of 
the effect on the quality of the steel of increasing the 
hearth area in building larger furnaces, due to the larger 
surface of slag exposed to the gases. I have been con- 
nected with three different steel plants, in which the 
depth of the bath and hearth area of the furnaces in the 
same plant varied. Using the same pig iron, scrap and 
fuel, the furnace with the deeper bath and smaller 
hearth area consistently finished lower in sulphur. 
This has been the experience of other operators. 

In a 75-ton furnace charging 180,000 pounds of 
scrap and pig iron, which averages .040 per cent sulphur 
content, only 72 pounds of sulphur goes in with the heat, 
while to melt and finish the heat 52,500 pounds of coal 
are used with, for example, 1.50 per cent sulphur con- 
tent, or approximately 787.5 pounds of sulphur entering 
the furnace with the gas. When we consider the large 
amount of sulphur entering with the gas, as compared 
with the sulphur going in with the charge, the subject 
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of the occurrence of sulphur in coal and methods for its 
removal will bear a closer investigation. 


FuRNACE CONSTRUCTION 


We know that the construction of the open-hearth 
furnace is far from being efficient, and is susceptible of 
many improvements in design. 

The present type of open-hearth furnace is an evo- 
lution of years of experimental work, some of which 
was founded on a sound scientific basis, while a great 
deal was on the cut and try method. The chief difficul- 
ties we have to overcome are the high temperature re- 
quired in the hearth and the difficulty of getting refrac- 
tories that will withstand the heat and the chemical 
action. 

I must take exception to Mr. Toy’s suggestion that 
the open-hearth try a regenerator similar to the blast 
furnace stove. In the case of the blast furnace stove, 
a maximum temperature of only 2,000° to 2,200° F. 
is reached and the air leaving the stove will seldom ex- — 
ceed 1,400° F., while the products of combustion from 
the open-hearth furnace will enter the checker chamber 
as high as 3,000° F. and carry with them a large amount 
of solid oxides. The air leaving the checker chamber 
to the hearth will reach 2,400° to 2,500° F. To confine 
this intense heat to a checker of small cross sectional 
area would result in the fusion and quick destruction 
of the checker brick. Another thing is that the majority 
of steel plants are built on low ground, and to go down 
deep enough for a stove type checker you would en- 
counter difficulty in keeping water out of the flues. 

A comparison of plants using a checker chamber of 
large cross sectional area, as against those with small 
cross sectional area and deep checker, will show in favor 
of the larger chamber. Not enough care has been exer- 
cised in the design and construction of checker cham- 
bers, flues, dampers and boiler settings to keep them 
air tight; as a result the infiltration of air on furnaces 
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with waste heat boilers will overload the boiler fan and 
materially affects the draft of the furnace. 


THE Dupiex Process 


Mr. Toy’s criticism of the duplex process on the lack 
of residual manganese is hardly justified. The average 
residual manganese in the tapping test of a duplex heat 
made from all blown metal at Bethlehem is .09 per cent 
manganese. ‘The stationary basic open-hearth with 60 
per cent hot metal charge, taking a run-off slag, will 
not show any higher residual manganese in the tapping 
test even if 2 per cent manganese iron is used, due to 
the manganese being lost with the run-off slag. 

The duplex process, with its double conversion cost 
and 3 to 4 per cent lower yield from metal to ingots, 
must depend on rapidity of operation, which gives a 
lower labor, fuel and rebuilding cost, if it is to compete 
with the straight basic operation. The use of hot metal 
in place of a high carbon blow for a “kicker” materially 
retards the operation. 

The use of bessemerized metal in the stationary 
basic furnace has been repeatedly tried out, but has not 
given satisfactory results in either increased ingot pro- 
duction or decreased ingot cost for the following rea- 
sons: If the blown metal is put in a stationary furnace, © 
with only lime and scale charged, the tap hole will boil 
out continually, causing a great many heats to be lost 
and a large amount of time to be wasted in repairing. 
To overcome this tap hole trouble sufficient steel scrap 
can be charged to melt down and protect it. This re- 
quires the blown metal to go in at a high carbon, in 
order to furnish sufficient carbon to shape up the heat. 
With this procedure, the high blows would continue 
cutting out the front banks of the furnaces, causing 
heats to break out and long delays in repairing. 

A combination process has been tried, using suffi- 
cient scrap to protect the tap hole, blowing the metal 
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in the bessemer down to .10 per cent carbon and then 
adding hot metal for the “kicker.” 

With this method it is found difficult to get the lime 
to come up off the bottom, and a great deal of trouble 
is experienced with heats going through the bottom of 
the furnace. It has been found necessary to abandon 
the operation for the reasons just stated. 

The open-hearth plays such an important role in 
the manufacture of steel products that its problems, 
many of which we know so little about, deserve the 
closest study by the management, the engineer and the 
scientist in order that the steel industry may continue 
to advance to meet the demands the world is imposing 
upon it. 


VicE-PRESIDENT ScHwaB: That was a very interest- 
ing paper and the discussions were also very interesting. 

How vividly it comes to my mind that in 1888, when 
these first experiments in basic open-hearth steel were 
made, I was superintendent of the Homestead Works: 
my first question in the morning was not “How many 
tons of rails have we rolled?” but “Is the open-hearth 
roof still standing?” ~ (Laughter. ) 

No one can realize better than I the tremendous 
progress that has been made in this department of the 
great process which has made the American steel indus- 
try what it is today; and much credit should be given the 
gentlemen in the open-hearth department, who have la- 
bored so effectively to make this process so successful, 
and the backbone of the American industry. 

The next paper is “A Review of the Development 
of Copper Steel” by Mr. D. M. Buck, Metallurgical 
Engineer, American Sheet & Tin Plate Company, 
Pittsburgh, Pa. 


A REVIEW OF THE DEVELOPMENT OF 
COPPER STEEL 


DANIEL M. Buck 
Metallurgical Engineer, American Sheet & Tin Plate Co., Pittsburgh, Pa. 


The annual economic wastage due to the corrosion 
or rusting away of various finished products made from 
steel and iron, if it could be expressed in monetary 
value, would no doubt be appalling. To even closely 
estimate the amount of this loss is obviously not feasible, 
inasmuch as, in preparing such data, it is impossible 
to do better than hazard a guess at the tonnage which 
is exposed to corrosion influences, or at the average life 
of such products as come under this category. One 
prominent investigator has roughly estimated that the 
annual charge due to corrosion is between sixty and 
eighty million dollars, based upon normal values of 
semi-finished products, and this figure takes into account 
only the actual value of the iron and steel itself without 
reference to other closely related losses, such as fabrica- 
tion and installation costs and the value of metallic 
paint and other protective coatings, which, unfortu- 
nately, are not permanent, and which would become 
unnecessary should we ever reach the goal of all stu- 
dents of corrosion problems, the production of an abso- 
lutely incorrodible steel or iron, at a price sufficiently 
low to admit of its commercial use. Although this aim 
has not yet been attained, tremendous strides forward 
have been made in the past fifteen years. The problem 
has been attacked from several different angles, but I 
believe the results of careful investigation justify the 
statement that, in the light of our present knowledge, 
considering the average materials of construction, the 
best results are obtained by alloying with normal open- 
hearth or bessemer steel from 0.15 to 0.30 per cent 
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of pure copper. ‘The commercial application of this 
discovery was first announced by the company which 
the author represents in 1911, and during that year 
it was placed on the market in sheet form. 

It is not the intention of this paper to enter into 
a technical discussion of the various theories of corro- 
sion, which have been discussed more or less vigorously 
by their several adherents during the past fifteen years, 
before sundry societies and in the public print, but 
rather to present to you in a brief form the more impor- 
tant evidence which proves the remarkable influence of 
copper additions to steel and iron in checking the attack 
of atmospheric moisture and oxygen, and to heartily 
urge the more general adoption of copper steel in other 
sections than sheet metal, to which uses it has largely 
been confined up to the present time. 

Although there are numerous references in litera- 
ture, beginning with the year 1627, to the effect of 
copper on the physical properties of steel and iron, 
nothing definite is found pertaining to its control of 
corrosion previous to the present century. In 1900 
Williams (1), from some rather limited experiments, 
came to the conclusion that copper in soft bessemer 
steel lessened the corrosion when samples were alter- 
nately immersed in water and allowed to dry several 
times a day over a period of about one month. In the 
same year, Stead and Wigham (2) reported a series 
of tests made by immersing samples in the Middles- 
borough (England) town water for a period of several 
weeks. Several allusions have also been made, notably 
by Breuil (3) and Walker (4), to the rather remarkable 
properties of copper steel to resist the attack of sul- 
phuric acid. In 1918 Buck (5) reported the results 
of an extensive series of tests on bare sheet metal under 
actual service conditions in three different characters 
‘of atmosphere. The results of this research proved a 
very decided superiority for open-hearth and bessemer 
steel containing copper in amounts of 0.15 to 0.30 per 
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cent over similar steel without the copper content, and 
indicated that the life of such material is more than 
doubled by the introduction of copper. Later investi- 
gations proved that this estimate is very conservative. 
Coincident with this announcement, Burgess and 
Aston (6) reported that the corrosion rate of pure 
electrolytic iron is reduced by alloying with various 
amounts of copper, nickel and manganese. In 1915 
Buck (7), in a paper before this Institute, reported 
further confirmatory data and announced preliminary 
results of a test which was subsequently published by 
Buck and Handy (8) in 1916. In this paper the au- 
thors announced data which seemed to indicate that 
much lower amounts of copper than those theretofore 
considered influenced corrosion. In the same year 
EK. A. and L. T. Richardson (9) concluded from a series 
of exposure tests that “copper bearing steels are de- 
cidedly superior to pure iron, steel or charcoal iron.” 
Kalmus and Blake (10), in 1917, found that “the alloys 
formed by the addition of small percentages of copper, 
nickel and cobalt” to certain irons “are more resistant 
to atmospheric corrosion” than the irons “from which 
the alloys were prepared.” Storey (11) investigated 
a large number of samples of fence wire which had 
been in actual service for varying lengths of time, com- 
paring the analytical results with the history and length 
of life of the wires, and from this very carefully con- 
ducted piece of work states “It has been definitely estab- 
lished that the durability of old steel fence wire is due 
to the presence of copper.” In 1919 Buck (12) found 
that extremely minute amounts of copper affect the 
corrosion rate and that “steel with as little as 0.03 per 
cent of copper corrodes only 60 to 70 per cent as fast 
as the same steel with 0.01 per cent of copper,” and 
recommends 0.15 per cent as a minimum copper content 
from a corrosion standpoint. Other work by the author 
indicates that it is not necessary to greatly exceed this 
figure. Hoyt (13), in 1919, from an extensive series 
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of careful experiments, states, “The general conclusion 
which, it is believed, may be drawn from this exposure 
test is that the so-called copper bearing steel, in which 
the copper content is about 0.20 to 0.25 per cent, offers 
the greatest resistance to corrosion of the common sheet- 
ing materials.” The “Railway Age” for July 23, 1920, 
describes a series of tests, conducted by the New York 
Central Lines under tlie direction of J. V. Neubert, 
on the influence of copper in the reduction of corrosion 
of steel tie plates. Standard steel tie plates showed 
“approximately eight to ten times the loss as for the 
special copper-treated ones.” “The addition of copper 
naturally results in a tie plate with a slightly higher 
first cost, but the increase over regular prices will not 
be over $2 to $3 a ton, depending upon the size of the 
order and other relative conditions. As a result of these 
experiments the New York Central has placed an order 
for 650,000 tie plates, or 4,000 tons, to be rolled accord- 
ing to the railway’s standard specifications, with the 
addition of 0.25 per cent of copper.” 

- It is perhaps unnecessary to further multiply these 
references to data confirmatory of the author’s findings 
on copper steel, and this phase of the subject will be 
concluded by a brief allusion to the results of the official 
test of Committee A-5 on Corrosion, American Society 
for Testing Materials (14). This exposure test has 
been conducted by the corrosion committee of the So- 
ciety with the co-operation of the United States Bureau 
of Standards, Washington, D. C., the test sheds being 
located at three different places, all on United States 
Government property, representing the atmosphere of 
an inland industrial center, the Atlantic seacoast and 
an inland rural section. Bare, unprotected corrugated 
sheets of 22-gage and 16-gage were exposed during 
the winter of 1916-1917, the following types having — 
been included in the test: | 

Low-copper (normal) open-hearth steel. 
Low-copper (normal) bessemer steel. 
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Basic open-hearth copper steel. 

Acid open-hearth copper steel. 

Bessemer copper steel. 

Low-copper pure iron. 

Copper-bearing pure iron. 

Low-copper wrought iron. 

Copper-bearing wrought iron. 

In addition to these types, sundry manufacturers 
were invited to submit branded materials which they 
recommended for corrosion resistance. A representa- 
tive inspection committee has made annual reports to 
the Society on the condition of the tests, and, although 
conclusions have not as yet been drawn by the com- 
mittee, the 1920 report yields enlightening information. 
At the inland industrial location, out of 146 sheets of 
22-gage copper-bearing materials (.15 per cent copper 
or over), 41 sheets, or about 28 per cent, had failed after 
forty-one months’ exposure, while out of 84 non-copper- 
bearing sheets (less than 0.15 per cent copper), 67, or 
about 80 per cent, had failed after twenty-two months’ 
exposure, and 81, or 96.66 per cent, had failed at forty- 
one months’ exposure. Furthermore, the three sheets 
of this class which had not failed contained 0.133 per 
cent copper, and fall into the non-copper-bearing class 
due to the arbitrary division point of 0.15 per cent which 
was selected by the committee. Out of 132 16-gage 
copper-bearing sheets, none had failed after forty-one 
months’ exposure, while out of 126 non-copper-bearing 
of the same gage, 33, or about 26 per cent, had failed. 
Moreover, no groups (22-gage) remained intact after 
forty-one months except copper steels, and nearly 88 
per cent of all copper steel sheets were still intact. 

At the inland rural location, the 1920 report shows 
that failures have started to occur and that “it is inter- 
esting to note that the group of sheets which failed first 
at this point are the same as those which failed first 
at Pittsburgh” (industrial location) ; that is, the non- 
copper-bearing steels. 
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With this overwhelming mass of evidence we may 
consider it as proven that by alloying with normal open- 
hearth or bessemer steel a small copper content (0.15 
to 0.25 per cent) the corrosion rate is enormously re- 
duced wherever the products are exposed to alternate 
attacks of air and moisture, which conditions prevail in 
practically all characters of atmosphere. It is certainly 
very conservative to estimate that the life of sheet metal 
is doubled by this treatment. Indeed, a careful analysis 
of the author’s results, as well as of the other data sub- 
mitted, indicates that the increase in life of unprotected 
metal is probably more nearly 300 to 500 per cent. 

While it is undoubtedly true that the greater portion 
of steel and iron products exposed to corrosive condi- 
tions is, at least initially, covered by some protective 
coating, it is equally a fact that these protective coatings 
are unfortunately only transitory protection, and 
wherever unprotected metal is exposed, or after the 
paint or metallic protective film has worn away or 
become damaged, thus exposing the bare iron or steel, - 
such additional life as can certainly be obtained by the 
simple alloying with copper becomes of paramount 
importance and of almost incalculable value. 

It may not be out of place here to state that in ad- 
dition to the added resistance of copper steel to cor- 
rosion, the author has noticed in his investigations in- 
dications which point to a better adherence of paint 
coatings on copper steel, thus resulting in a more perfect 
and longer continued protection by the paint film. 

The benefits to be obtained by adding copper to 
normal steel to be fabricated into materials of con- 
struction, cannot be successfully contradicted. The 
melting point of copper is approximately 700° F. lower 
than the average tapping temperature, it diffuses 
readily, and once diffused does not segregate. 

The manufacture of copper steel has heretofore been 
largely confined to sheet metal, and the product has been 
tremendously improved. The usefulness of this dis- 
covery may readily be broadened by the use of copper in 
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other steel and iron sections, and their life thereby 
greatly increased. To mention a single example, steel 
freight cars, especially those of the open type, suffer 
greatly from corrosion. If the life of the thousands of 
such cars that have passed out of the field of usefulness 
during the past few years could have been increased 
only 20 to 25 per cent, the result would have gone far 
toward relieving the severe car shortage which has re- 
cently existed. Such a result would probably have been 
attained had copper steel been used in their manu- 
facture. We have here a comparatively inexpensive 
method of improving all of our products that are called 
upon to resist the attack of air and moisture, thus 
greatly increasing their period of service and at the same 
time effecting an immeasurably important step in the 
conservation of our natural resources. The author’s 
wish in presenting this paper is to respectfully urge your 
earnest consideration of these suggestions. 
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A REVIEW OF THE DEVELOPMENT OF 
COPPER STEEL 


DISCUSSION BY JOHN S. UNGER 
Manager, Research Laboratory, Carnegie Steel Company, Pittsburgh, Pa. 


Many investigations have shown that uncoated steel 
sheets containing a small amount of copper are much 
more resistant to atmospheric corrosion than similar 
sheets without copper, when exposed under exactly the 
same conditions of service. 

To determine whether similar results would be ob- 
tained in the bodies of steel railroad cars and their life 
be prolonged, the Bessemer & Lake Erie Railroad, early 
in 1914, ordered 100 hopper and 100 gondola cars, 
using both copper-bearing and plain steel plates in the 
same car body. 

It would be impossible to make a true comparison of — 
the two kinds of steel if placed in different cars, as no 
two cars are used under exactly the same conditions of 
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Fig.1- HOPPERS 4IDO/-HH100—- Relative Location of Copper Bearing and Plain Open Hearth Steel Plates. 
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service, and the life of the individual car is largely de- 
pendent upon the service to which it has been subjected. 
To make this test truly comparative, these cars were 
built so that the body of each car was made up of half 
copper-bearing steel and half plain steel- as shown in 
Figures 1 and 2. 

Both the hoppers and gondolas were of 100,000 lbs. 
capacity. The side and end plates in both kinds of cars 
were 14-inch thick. The floor plates in the gondolas and 
the floor, hopper and longitudinal hood cover plates in 
the hoppers were 5/16-inch thick. The center sill cover 
plates in the gondolas, and the drop door cover plates in 
both kinds of cars were 3¢-inch thick. 

The plain steel was basic open-hearth steel of .18 per 
cent carbon, and the copper-bearing steel was basic 
open-hearth steel of .18 per cent carbon and .40 per cent 
copper. 

These cars went into service in 1914 and to date have 
been in use for a period of six years. 

Considerable trouble has been experienced in locat- 
ing these cars for inspection. Due to disturbed trans- 
portation conditions during and after the war, these 
cars have become widely distributed over other lines and 
only a small percentage are to be found on the home 
road. 
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- The first cars inspected after two years service 
showed that the paint on the outside of cars adhered 
much better on the copper-bearing steel than on the 
plain steel. This fact has been borne out by all subse- 
quent inspections, and at the end of six years is very 
noticeable, as will be seen by comparison of Fig. 3, show- 
ing the plain steel, and Fig. 4, the copper-bearing steel 
plates in the same car. As a result of the absence of 
the protective coating, the plain steel shows considerably 
more and deeper pitting on the outside of the cars than 
the copper-bearing steel in the same location. 

A total of fifteen cars were inspected during the 
past two months. These cars all showed that the paint 
was adhering better on the copper-bearing steel on the 
outside. On the inside of the car, the copper-bearing 
steel was freer from adhering oxide or rust and less 
deeply pitted than the plain steel. The accumulation of 
rust under the rivet heads showed that the loss in thick- 
ness was considerably greater on the plain steel than on 
the copper-bearing steel. The relative condition of the 
two kinds of steel is best shown by Figs. 5 and 6, which 
give two different-views of the inside surface of copper- 
bearing and plain steel plates in the same car. 

On the outside of a car where the paint had come off 
recently, a, pronounced difference was noted in the color 
of the exposed surfaces. The plain steel was rough to 
the hand, yellowish brown in color, while the copper- 
bearing steel was much smoother and of a dark reddish 
brown color. 

The destruction of the body of a steel car is due to 
several causes, among which are mechanical abrasion or 
‘erosion, and corrosion. The character of the loads 
carried governs the destruction by mechanical abrasion, 
as there will not be as much abrasion with materials like 
ore, earth or cinders as with hard, heavy materials such 
as pig iron, steel blooms or billets. 

Mechanical abrasion also has an effect on the cor- 
rosion, tending to increase the corrosion by wearing 
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Fig. 3.—Showing condition of plain steel plates on car after six years’ service 


Fig. 4.—Showing condition of copper-bearing steel plates on the same car after 
six years’ service 
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Fig. 5.—Showing adjoining side plates of plain steel and of copper steel on inside 
of gondola car 


Fig. 6.—Showing adjoining side plates of copper steel and of plain steel on 
opposite side of same car as plates shown in Fig. 5, 
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away the corroded surface and exposing a fresh metallic 
surface, which rusts more rapidly than a surface pro- 
tected by dirt and a film of oxide or rust. 

It was noted in the first inspections that the gondola 
cars were showing greater effect from erosion and cor- 
rosion than the hopper cars. This is probably due to 
difference in the character of the loads carried, as ex- 
plained in the preceding paragraphs. The hoppers are 
used mostly for hauling ore, coal and coke, while the 
gondolas have more varied uses, and as‘a result are 
subjected to greater mechanical abrasion and corrosion. 

Several of the cars were drilled at similar locations 
in the copper-bearing and plain steel plates after six 
years’ service, and the thickness of the plates measured 
with a micrometer to determine the loss in thickness. 
Table A gives these measurements and the percentage 
loss in thickness for both kinds of steel. 


TABLE A 
Copper-Bearing Steel Plain O. H. Steel 
Thickness Thickness 
Original Endof6 Percent- Original End of 6 Percent- 
Thickness Years ageof Thickness Years age of 
Inches Inches Loss Inches Inches Loss 
Gondola 14105 
Floor Plate...... 313 287 8 folie 256 18 
Side Plate....0... .250 237 6 .250 .220 12 
Gondola 14124 
Floor Plate: ..... cole 285 9 313 .250 20 
Side Plate... ... .250 -240 4 .250 295 10 
Gondola 14190 
Floor Plate..... ols 270 13 313 .230 26 
pide Plate;... 2... .250 .240 4 .250 225 10 
Hopper 41035 
Divide Sheet.... .250 .220 12 250 170 32 


Average loss of copper-bearing steel, 8%; average loss plain O. H. steel, 18%. 


The results shown in the table and the appearance 
of the cars indicate that the loss in thickness is consider- 
ably less on the copper-bearing steel than on the plain 
steel in similar locations, but considerably more time 
must elapse before it can be definitely stated how much 
the copper-bearing steel will increase the life of the car 
body. tes 

In the past there was a great deal of prejudice 
against small amounts of copper, as it was believed to 
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have a bad effect on the welding properties of such steels 
as pipes, tubes and chain stock, but experience has 
shown that copper up to .80 per cent apparently has 
little if any deleterious effect on the welding properties, 
but increases the resistance to atmospheric corrosion. 


At the close of Mr. Unger’s discussion, Mr. Willis 
L. King, Vice-President, was called to the chair. 


Vicrk-PrEsmENT Kine: Mr. Buck’s paper was also 
to be discussed by Professor W. H. Walker, Mas- 
sachusetts Institute of Technology, Boston, Mass. Mr. 
Walker is unable to be present. His discussion will be 
presented later in writing and entered in the pro- 
ceedings. 


A REVIEW OF THE DEVELOPMENT OF 
COPPER STEEL 


DISCUSSION BY DR. WILLIAM H. WALKER 


Professor of Chemical Engineering, Massachusetts Institute of Technology, 
Boston, Mass. 


If it be true that “a penny saved is a penny earned,” 
and few would take issue with that wise old philosopher, 
Benjamin Franklin, how much more important is it 
for us to realize that a pound of iron in a finished struc-, 
ture saved is many times more valuable than a pound 
of iron as it passes under the finishing rolls of a mill. 
The cost of replacing an iron or steel structure is fre- 
quently as important an item as the cost of the new 
material. For example, the labor and annoyance of 
taking down and disposing of old barb-wire fencing is 
greater than that of putting up the new. When a struc- 
ture deteriorates from atmospheric corrosion, therefore, 
not only is there an economic loss in the disappearance 
of the material itself, be it in the form of a freight car, 
a roof, a fence or what not, but there is frequently 
greater loss in the time and effort of fabrication and 
installation. 

It has been my privilege to observe with the closest 
scrutiny not only the very comprehensive tests of Mr. 
Buck, but those of others also interested in learning the 
truth regarding the influence of the composition of iron 
and steel upon its resistance to corrosion. A number of 
these tests were carried on by large users of iron and 
steel, who, while living in the East, were distinctly 
“from Missouri.” Conducted with great care and at 
a very considerable expense, these tests in every point 
confirm the finding reported by Mr. Buck. I do not 
know of a single instance in which a copper-bearing 
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steel has not outlasted every other type of commercial 
iron or steel available. 

The facts regarding the very real value of a small 
percentage of copper in steel are now so well estab- 
lished that it will be an economic loss, for which there is 
little excuse, if such an alloy does not come at once into 
very general use. It should be noted that, although it 
is atmospheric corrosion—not iron or steel constantly 
submerged in water—that is here discussed, the ma- 
jority of structures are exposed to the air, and the above 
statements need little reservation. If he who makes 
two blades of grass grow where there was but one before 
is a benefactor of the race, what shall we say of him 
who makes one pound of steel serve its owner double 
the years of two! 


Vicr-Preswet Kine: We are now to have a further 
discussion of the development of copper steel by Mr. 
Allerton S. Cushman, The Institute of Industrial Re- 
search, Inc., Washington, D. C. 


A REVIEW OF THE DEVELOPMENT OF 
COPPER STEEL | 


DISCUSSION BY ALLERTON S. CUSHMAN 
President, The Institute of Industrial Research, Inc., Washington, D. C. 


Entering into the discussion very briefly, I want to 
congratulate my friend Mr. Buck on the energy and 
ability with which he has followed up this line of metal- 
lurgical development which he believes in so heartily. I 
was not given the privilege of seeing Mr. Buck’s paper, 
or the discussions of it, in advance of this meeting. 
Therefore I appeal to the sense of fairness of all hearers 
when I state that I cannot adequately discuss a paper of 
this nature that I have not had the opportunity of read- 
ing in advance. I did, however, jot down a five-minute 
discussion of the general subject, which presents certain 
aspects of this problem as they have come to me after a 
study of corrosion problems for about fifteen years. 

Records of corrosion tests, if systematically carried 
out, are always of value, inasmuch as they contribute to 
the mass of data on which our real knowledge of the 
complex and intricate problem must be founded. Every 
student of corrosion problems who has spent years in 
the study of the subject must bear testimony to the 
sensitiveness shown by different metals and different 
types of metals in withstanding any given corrosive con- 
ditions either in the laboratory or in the field of actual 
service. This sensitiveness to go one way or another is 
what chemists mean by equilibrium in a given system. 
Let me give an illustration. If we select two samples 
of basic open-hearth steel of equal weight, dimensions 
and condition of surface, one of which is copper-bearing 
and the other essentially free from copper, and immerse 
these in 20 per cent sulphuric acid, we find that the 
copper-bearing steel is much less attacked than the 
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copper-free in any unit time, other things being equal. 
If, however, the copper-free sample happens to contain 
an appreciable quantity of some other element such as 
nickel or chromium or arsenic, as many steels do, the 
effect of these is superimposed and we may get an en- 
tirely different set of results. Now, unusual elements in 
open-hearth steel are not commonly suspected or 
analyzed for by chemists, so that the interpretation of 
the results of any given investigation may be clouded 
by the unknown influence of unknown elements. Every 
steel works chemist and purchasing agent knows or 
should know that the presence of small quantities of 
arsenic, antimony or copper in commercial sulphuric 
acid will interfere with its efficiency as a “pickling” 
agent in everyday mill practice. 

It is also true of science and technology that we see 
only “through a glass darkly.” The representative 
Committee A-5 of the American Society for Testing 
Materials has been studying corrosion problems for 
fifteen years and should be, if it is not, a source of very 
real information on the subject. This committee has 
lost no opportunity to reiterate very forcefully that acid 
tests have no bearing on natural corrosion. In 1911 the. 
committee passed a resolution which was signed by the 
writer as chairman and by Prof. W. H. Walker as sec- 
retary, which stated: “The committee desires at. this 
time to again disclaim any recommendation or endorse- 
ment of the acid test as a measure of natural corrosion,” 
etc.,: ete. 

Notwithstanding this, the results of the bare weather 
exposure sheet tests in Pittsburgh and to some less ex- 
tent at Fort Sheridan, near Chicago, have yielded re- 
sults which might have been anticipated in a laboratory 
acid test where the presence of copper exerts a restrain- 
ing influence on the acid attack. On the question as to 
whether or not bare sheet exposure tests in or near great 
industrial centers simulates in any way the conditions of 
a laboratory acid test, there may well be a difference of 
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opinion even among those most expert in this line of 
inquiry. It should be noted, however, that both in Pitts- 
burgh and Chicago incrustations of iron sulphate crystals 
collected on the under side of the test sheets, showing 
that sulphuric acid brought down from the atmosphere 
was an active agent in the attack. 

William D. Richardson,* an earnest student of cor- 
rosion problems, especially with reference to the acid 
test, has recently published data from which he draws a 
number of conclusions, some of which conservative in- 
vestigators will be ‘slow to accept; but his work does 
point out very clearly how sensitive the equilibrium is 
to a number of superimposed factors, some known and 
some merely guessed at.. As the result of W. D. 
Richardson’s work, he has been led to suggest as a basis 
for an Index of Corrosion for iron and steel the ratio 
obtained from the solubility in acid under oxidizing and 
non-oxidizing conditions.t At first thought this seems 
attractive until we begin to carefully study Richardson’s 
voluminous data, when we run into so many contradic- 
tories that we feel as though we had followed Sir Oliver 
Lodge into psychical research. For instance, in one of 
Richardson’s 1,000-day immersion tests with air agita- 
tion in water and in salt brine, respectively, we find 
samples of open-hearth pure iron leading copper-bear- 
ing steel and all the other rolled metal samples in cor- 
rosion resistance,{ while in other cases the reverse 
seems to be true. In numerous cases, more difference is 
observed as between different test pieces of the same 
type of metal than between different types of metal. 
The effort has been made to suggest that copper-bearing 
steel as a general rule is more resistant to corrosion when 

*The Solution of Metals in Acids as Related to Corrosion by W. D. 
Richardson. Paper presented before American Hlectrochemical Society, 
October 2, 1920. 

+ A suggested basis for an Index of Corrosion for Iron and Steel by 
W. D. Richardson. Paper presented before American Institute of Chemical 


Engineers, June 28, 1920. See also experiments on Corrosion of Iron and 
Steel, Ibid. 


tIbid., p. 53. 
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the conditions are oxidizing, and that pure iron gives its 
best results when the conditions are such that the action 
of oxygen is at a minimum. Just as we begin to think 
that there may be something in this, we are suddenly 
faced by a number of facts that won’t fit in; psychical 
research again. 

Copper-bearing steel stood the Pittsburgh atmos- 
pheric tests very well, and here there was certainly ex- 
cess of oxygen at work. Copper-bearing steel also 
stands the standard immersion test in 20 per cent sul-. 
phuric acid better than most other types, and here the 
conditions are certainly minimum as to oxidizing effect, 
as hydrogen is continually sweeping off the surface. In 
our own experiments, as well as in others, if acid salt 
solutions of various types are used, the results are 
reversed, and copper-bearing steel has to take second 
place to commercial pure iron. The same thing is true 
_ in the case of many neutral and alkaline solutions of 
various concentrations, but truth compels one to admit 
that there are occasional exceptions, and it is only the 
trend or tendency that is striking and convincing. It is 
all very puzzling. Every steel man knows that there is 
a great difference in quality of metal as represented by 
the bottom, middle and top portions of an ingot as to 
segregation, degasification, and soundness. When the 
laboratory investigator runs amuck in the laboratory 
with his supposedly typical samples that he has obtained. 
in the open market or at best by request from the manu- 
facturer, he knows nothing of the history of his test 
piece. What sort of diagnosis could a physician make 
of an obscure human disease, if he knew nothing of the 
physiological history of the case? And yet as a result 
of certain tests and examinations of a necessarily re- 
stricted number of samples exposed under special con- 
ditions of attack in the laboratory or in the open, we are 
treated to the most astonishing and sweeping conclu- 
sions. Every man is entitled to draw his own conclusions 
from available evidence, whether it bears on corrosion, 
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the Covenant of the League of Nations, or the immor- 
tality of the soul, but at the best he should take time to 
study the evidence for himself and not allow others to 
draw conclusions for him. 

Many good and able men have studied the evidence 
in all these important subjects which I have cited and in 
many others, and they very conspicuously disagree with 
one another. Someone has said that all truth is a com- 
promise, and this saying is full of wisdom. Please note 
that I am not now attacking any specific claims to ex- 
cellence on the part of any type of metal in corrosion 
resistance, but I should most earnestly deprecate and 
contest claims to superlative excellence under all the 
multiform and various conditions of service. Another 
wise saying is that “By their fruits ye shall know them.” 
The best test of any type of metal is the test of service 
over a long term of years. The type of metal that I 
have had much to do with the development of for a num- 
ber of years past has been put into service in the four 
quarters of the earth, to the extent of hundreds of 
thousands of tons. It has given good and efficient ser- 
vice. 

Some investigators have rather gratuitously advised 
us to depart from our standard of purity in order to run 
up alloying constituents such as copper and manganese. 
Without wishing to be controversial, I must maintain 
without prejudice to the excellence of copper-bearing 
steel or any other type of metal under special conditions, 
that our experience in test and service, gained in the 
manufacture and installation of very large tonnages, 
have only confirmed and strengthened our conviction 
that for all-around conditions that have to be met, 
whether bare, painted or galvanized, our standard of 
purity is a good standard. 

I want to say that I have nothing of a controversial 
nature to add to this discussion after hearing Mr. Buck’s 
paper and Mr. Unger’s discussion, I do not controvert 
the fact that well-made copper steel in car service will 
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give better results than ordinary steel. If copper steel 
is in a class by itself, there are other metals that are 
manufactured which are also in a class by themselves and 
have also shown up well in similar tests. We have no- 
thing to say against other people’s specialties. We only 
want fair treatment and an examination of the results 
that we obtain ourselves in our efforts to make high 
quality pure iron. 


Vick-PresmENnt Kine: The next paper will be “The 
Use of High-Manganese Iron in Basic Open-Hearth 
Practice” by Mr. E. A. Wheaton, . Superintendent, 
Open-Hearth Department, Bethlehem Steel Company, 
Bethlehem, Pa. 


THE USE OF HIGH-MANGANESE: IRON IN 
BASIC OPEN-HEARTH PRACTICE 


EK. A. WHEATON 
Superintendent, Open-Hearth Dept., Bethlehem Steel Company, Bethlehem, Pa. 


We all know that the steel producers of the United 
States have been, and now are, face to face with a prob- 
lem steadily increasing in difficulty; namely, the grow- 
ing scarcity of low-sulphur fuels. We further know 
that many steel users are prone to attribute to sulphur 
in steel most of the failures experienced in service; and 
that many manufacturers believe that the sulphur limits 
now current in the various specifications for steel repre- 
sent limits which cannot be exceeded without a distinct 
loss of tonnage in forged and rolled products, due to 
the “red shortness” classically attributed to sulphur con- 
tent. This loss of tonnage is as intimately a concern of 
the consumer as of the producer. 

A very important consideration, therefore, for all 
factors, is the problem of avoiding future increases in 
steel sulphurs in the face of future increases in fuel 
sulphurs. 

The problem has received much attention both in the 
endeavor to produce low-sulphur pig irons without un- 
due increase of cost and undue loss of quantity produc- 
tion; and in the endeavor to produce low-sulphur steels 
from high-sulphur pig irons without loss of quality or 
tonnage. 

The purpose of this paper is to show one of the 
phases of the experimental activities of the Bethlehem 
Steel Company in attempting to solve this important 
problem; and the particular phase dealt with herein, is 
the partial elimination of sulphur from high-sulphur pig 
irons by the use of manganiferous burden in the blast 
furnace so as to produce pig iron for use in basic open- 
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hearth furnaces which shall contain enough manganese 
to considerably desulphurize the pig iron in the ladle, 
the mixer and the furnace bath. Some data will also be 
presented tending to show the deoxidization of the open- 
hearth bath contemporaneously with desulphurization. 

The objectors to the utilization of high-manganese 
in the initial open-hearth charge have usually sub- 
stantiated their position on account of increased costs 
and the alleged reduction of open-hearth tonnage; or 
have relied upon the selection of high-grade raw ma- 
terials and satisfactory low-sulphur (open-hearth) fuel, 
to facilitate the production of the relatively small ton- 
nages of high-quality product; but the necessity of pay- 
ing attention to the manganese consideration, or some 
other desulphurization method, will sooner or later be 
forced by the increasing difficulty of locating sufficient 
quantities of high-grade materials and fuels and by their 
increasing cost. 

While the amount of sulphur contained in steel has 
been the subject of extended investigations and while 
many different opinions are held as to the ultimate 
effect of different sulphur contents on various grades of 
steel, it is the generally accepted fact by the industry 
that within reasonable limits the main effect of sulphur 
is to react against the operation of the rolling mill or of 
the finishing department rather than to affect the ser- 
viceability of the steel once it has passed a reasonable 
inspection; and this penalty, steel manufacturers have 
been prone to accept as unavoidable rather than to ex- 
haust other resources, such as the utilization of man- 
ganese in the initial open-hearth charge, for the elimina- 
tion of their manufacturing difficulties. 

Records show a consistent increase in the sulphur 
content of coking coal and gas producer coal to such an 
extent that it has been a constantly increasing effort on 
the part of the steel manufacturer to meet present sul- 
phur requirements and specifications. It has been 
generally realized that unless some improvement could 
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be effected in the metallurgical processes of making 
steel, sulphur limits and specifications would have to be 
increased and additional cost encountered in the meeting 
of the existing specifications. 

In the face of increased difficulties in obtaining high- 
grade raw materials and in the effort to produce the 
highest quality of products requiring special inspection 
and for special service, and believing that certainly some 
of the difficulties might be overcome by the use of a 
high-manganese pig iron, the Bethlehem Plant of the 
Bethlehem Steel Company undertook to operate their 
No. 8 Open-Hearth plant for a considerable period of 
time in the manufacture of steels where the inspection 
and service was particularly severe and where the effect 
of any improvement of quality would be most readily 
demonstrated. The data presented herewith extends 
over several months’ experience but particularly refers 
to the month of August, 1920, as our records are kept 
in monthly periods and as the experiment is complete in 
itself in that period, inasmuch as nothing but high- 
manganese pig iron was used at that time. 

From the data presented herewith the writer has 
drawn the following conclusions :— 

First: that high-manganese iron is a help rather than 
a hindrance in blast furnace practice. 

Second: that high-manganese iron improves the 
quality of open-hearth steel without reduction of ton- 
nage or practice or other injurious effects. 

Third: that to meet the demands for the better 
grades of steels, alloy steels, etc., it is of very great as- 
sistance. 

Fourth: that, due to better surface conditions, steel 
made from it shows increased yields with ordinary 
rolling mill practice. 


Bruast FuRNACE OPERATION 


With high-sulphur coke and inferior raw materials, 
a blast furnace must resort to a very limey slag or in- 
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creased slag volume in order to insure low-sulphur steel- 
making iron. Either means low tonnage in.the blast 
furnace and a high coke ratio. If the manganese in the 
hot metal is kept around 2.00 per cent, it is possible for 
the blast furnace man to run his iron higher in sulphur 
with leaner slags, with increased tonnage and reduced 
fuel ratio; and at the same time deliver to the open- 
hearth iron as low in sulphur as could be obtained with 
low-manganese iron cast much lower in sulphur. This 
is borne out by the following figures of 136 tests run on 
high-manganese irons between blast furnaces and Open- 
Hearth No. 3 at Bethlehem, to determine the desul- 
phurization which occurred in the pig iron transfer 
ladle. 

The methods used were as follows: “C” blast fur- 
nace was run on high-manganese iron with lean slags 
and, of course, high sulphur. A sample of this metal 
was taken from each ladle at the blast furnace and from 
the same ladle at the open-hearth mixer. The average 
time between sampling at the blast furnace and the 
mixer was 80 minutes which is about the average time 
consumed in normal operation; 136 ladles of iron were 
thus tested. These ladles contained varied percentages 
of manganese and sulphur, which I have divided into 
three groups according to manganese content, as fol- 
lows: 


First group, iron from 1.00 per cent to 1.50 per 
cent manganese. 


Second group, iron from 1.50 per cent to 2.00 per 
cent manganese. 


Third group, iron 2.00 per cent and above in man- 
ganese. 
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FIRST GROUP 
(Mn. 1.00 to 1.50 per cent) 


Manganese Sulphur iF 

at Blast at Blast eee as 4 i al Loo Bro Open leet 

Furnace Furnace Mixer - otfal|i Furnace Furnace Mixer 
1.44 105 .049 1.47 087 025 
1.38 .096 .035 1.44 .085 .054 
1.35 .066 .039 1.32 .099 057 
117 .068 BOs? 1.38 .072 .029 
1.26 .099 044 1.44 .065 037 
1.35 110 .030 LAT .098 .052 
1,44 .098 .029 LAT .084 .025 
1A7 .093 .039 . 138 075 037 
1.38 071 .042 1.11 126 049 
1.47 059 043 
147 .083 .038 AneER 
1,41 086 .053 of 21 oe 1.39 0867 041 


SECOND GROUP 
(Mn. 1.50 to 2.00 per cent.) 


Manganese Sulphur Sulphur at Manganese Sulphur Sulphur at 
at Blast at Blast Open-Hearth at Blast at Blast Open-Hearth 
Furnace Furnace Mixer Furnace Furnace Mixer 

1.83 094 039 1.68 .089 042 
byes) .082 .024 1.53 .089 043 
1.50 .073 .023 1.59 .090 034 
1.68 .079 037 1.71 .081 .040 
1.74 081 044. 1.68 O74 037 
1.62 071 .021 1.56 097 037, 
1.62 .082 022 1.86 067 055 
1.68 091 026 1.62 064 048 
1.92 .097 .029 1.68 .086 027 
1.86 099 .022 1.68 .093 .050 
1.83 -060 025 1.67 064 .058 
1.80 .059 .035 1.50 102 048 

1.56 .099 064 1.68 .098 040 
1.65 085 037 1.86 076 026 
1.98 .080 048 1.68 079 049 

1.83 035 .033 1.56 085 039 

1.92 -032 .032 1.80 .065 .030 
1.80 .038 .028 1.80 085 048 
1.71 .026 024 1.74 .085 021 

1.54 031 .029 1.98 .096 037 
1.62 .030 .028 1.86 076 .039 
1.62 .030 .029 1.98 095 046 
1.62 .030 .030 1.95 067 024 
1.62 .038 031 1.92 084: .028 
1.68 051 035 1.95 .080 .038 

1.71 037 029 1.95 O71 037 
1.80 027 025 1.74 073 034 
1.74 028 .028 1.93 075 024 
Tree .020 .016 1.62 049 035 
hyve .026 .019 1.69 091 027 
1.74: 026 017 1.77 .089 041 
1.62 025 021 1.62 .089 .028 
1.80 O77 045 1.92 074 051 
1.68 .068 058 1.96 .068 046 
1.62 072 052 1.92 .080 .036 
1.98 052 047 1.92 .086 - 024 
1.68 .088 .053 1.92 O71 028 


1.77 .052 035 1.74 081 041 
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SECOND GROUP—Continued 
(Mn. 1.50 to 2.00 per cent.) 


Manganese Sulphur Sulphur at Manganese Sulphur Sulphur at 
at Blast at Blast Open-Hearth at Blast at Blast Open-Hearth 
Furnace Furnace Mixer Furnace Furnace Mixer 

1.95 O75 025 150 - 194 .031 
1.98 073 034 1.89 .084 042 
1.80 077 050 MART .066 .024 
1.59 072 056 1.74 072 .038 
1.65 073 027 1.71 .087 .026 
1.65 075 .038 

1.50 094 .028 iAvarnee 

1.62 ‘112 033. «~—Ss«o 89 tests 1-7? 070 035 


THIRD GROUP 
(Mn. 2.00 per cent and over.) 


Manganese Sulphur Sulphur at Manganese Sulphur Sulphur at 
at Blast at Blast Open-Hearth at Blast at Blast Open-Hearth 
Furnace Furnace Mixer Furnace Furnace Mixer 

2.04 070 .033 2.10 .060 .094 
Q13 .072 .042 2.01 .082 .036- 
2.04 .084 .024 2.10 .082 .027 
2.01 067 .022 2.04 .083 .043 
P19 073 0.21 9.01 .056 .031 
2.28 .068 0.29 2.31 045 .029 
2.10 049 .040 2.98 .064 .020 
213 051 .042 2.19 .060 .021 
9,25 .083 .029 9.95 .070 .022 
2.07 -096 037 2.98 .065 051 
Q19 .084 034 2.16 OTA 027 
2.01 .093 .030 2.10 076 .021 
2.07 087 027 

201 096 ‘O41 ibe ae 8 073 031 


From the above it would seem, at first glance, that 
an average of 1.39 per cent manganese is as effective as — 
higher manganese for desulphurization in the ladle. It 
will be noted, however, that the pig iron sulphurs in the 
entire twenty-one heats of the first group were relatively 
high, thus affording better opportunity for reduction of 
sulphur than was afforded in a number of casts in the 
second and third groups. 

We found, also, that with iron running less than 
1.80 per cent manganese, it was necessary to hold longer 
in the ladle than with manganese over 1.80 per cent. 

The silicon on this iron averaged 1.15 per cent. I 
believe that this should be below 1.00 per cent, since I 
have assumed that with normal temperatures the elim- 
ination of sulphur from pig iron in the ladle takes place 
under the following reaction: 

Slag formed on ladles is properly MnOSiO: (man- 
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ganese silicate). Any excess of SiO2 forms FeOSiO: 
(iron silicate). Manganese in connection with sulphur 
forms MnS which with low SiO: is broken up to Mn and 
SO., Mn going back into the metal, and the SO2 passing 
off into the air. With excess SiO: we have FeOSi0O: 
present, MnS + FeOSiO. = FeS + MnOSi02. FeS 
goes back into the metal and no reduction of: sulphur 
takes place. In this test, dolomite was used in the runner 
at the blast furnace, in the place of sand, in order to keep 
the slag as low as possible in SiO:. 

With high-manganese iron, elimination of sulphur 
also takes place in the mixer, if the SiO: is kept low in 


the slag’; with a ratio a = 0.80 in the slag, greatest 
removal was accomplished, but some removal takes place 
with ao = as high as 1.20. In these tests the average 
removal of sulphur in the mixer was 0.006 per cent. 

The general conclusions that I have drawn from the 
above data are, that it is possible for the blast furnace 
man, with high-manganese iron, to run lean slags, 
mantain tonnage, and with sulphur in the blast furnace 
iron as high as 0.10 per cent, to deliver that same iron 
to the open-hearth furnaces through the mixer with 50 
per cent of the sulphur eliminated. 


Higu-MANGANESE IRon IN OpEN-HEARTH PRACTICE 


The principal objections brought out against the use 
of high-manganese iron are: 
(1)—Decreased tonnage. 
(2)—Decreased yield of ingots. 
(8)—Scorification of furnace banks. 
(4) —Scorification of ladle linings, causing decreased 
life of ladles. 


I will give the results of our experience at Open- 
Hearth No. 3 at Bethlehem in this connection. 

Tonnage.—During the entire month of August, 
1920, we worked exclusively on high-manganese iron. 
We have 50-ton furnaces and tapped 70-ton heats of 
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ingots. Our average time of heats during this month 
was 10 hours and 15 minutes. This includes all the 
alloy grades, and is the best average time that was ever 
made in this shop. We feel that one of the reasons of 
this decrease in time of heats was the fact that a slag 
can be worked into shape more quickly with high- 
manganese iron than with low-manganese iron. 

Yield of Ingots——Yields at Open-Hearth No. 3 
for the month of August, 1920, according to grades, 
were as follows: 


Basic carbon, high-manganese  )...5.....) Sica nse. acs .2 use eee ae eeen 89.77% 
apemcarbon sordinary, 4.0 hte. thos eke eee oe ae eee eee 90.29% 
SeeRCaCDON WS peCial. te Meee oe ere eee SOO ee scneo.. Shae 89.47% 
““earbon, high-silicon ......... Aielegs atts, Ssh S aro Se ere 90.45 % 
SI PEDICKEL, cue gee Noe ths Maite ee sos ee ae eee ee 88.38% 
SME Chrome tcl 7.thc) peas ee tts. Pe ee ee eee 91.18% 
Sve enickel-chromé @. acacane scenes ea ee ee 89.89% 
5) archrome=-vanadium® -5set. 25 cee en eee 91.64% 


This is better practice than we have averaged with 
low-manganese iron, which I partially explain as fol- 
lows: The average analysis of the iron was: Mn, 2.10 
per cent; P, .029 per cent; S, .051 per cent; Si, 1.18 per 
cent; which, with our scrap charge, would give us a 
charge of about 1.40 per cent manganese. The residual 
manganese in the bath averaged 0.84 per cent, or a loss 
in manganese of 1.04 per cent of the weight of the 
charge. 

Our experience with low-manganese iron, running 
about 0.70 per cent manganese, would be a charge con- 
taining about 0.60 per cent manganese, a residual of 
0.10 per cent manganese, or a loss of 0.50 per cent 
manganese. ‘T’herefore, the difference in manganese loss 
of a high-manganese charge over a low-manganese 
charge would be 1.04 per cent minus 0.50 per cent 
equals 0.54 per cent of the weight of the charge in favor 
of low-manganese iron. ; 

Our slag weight runs about 250 pounds of slag per 
ton of charge. With normal slag on low manganese 
iron, this slag contains about 16 per cent of FeO or 12.4 
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per cent Fe, which is 1.34 per cent of the metallic charge. 

The slag on high-manganese iron charges, as will be 
shown later, shows an average of 9.00 per cent FeO or 
7.00 per cent Fe, which is 0.69 per cent of the metallic 
weight of the charge.. This gives the FeO loss in the 
_ slag 0.69 per cent on high-manganese iron against 1.34 
per cent on low-manganese iron, or a saving of 0.65 per 
cent of iron, which more than equalizes the 0.54 per cent 
loss in manganese due to the use of high-manganese iron. 

Scorification of Furnace Bottoms.—I can find no 
explanation as to why high-manganese iron should be 
harder on furnace bottoms than low-manganese iron. 
In fact, our experience has been, if anything, the other 
way. During the same month of August, we averaged 
11 minutes bottom delay per heat which is lower than 
usual. MnO being a base should not affect a basic bot- 
tom. 

Ladle Linings.—Our experience with ladle linings 
shows nothing detrimental in the use of high-manganese 
iron. Our average for the month of August, of 18 heats 
per ladle, compares favorably with ordinary practice. 
We used a 90-ton ladle for a 70-ton heat, giving a large 
volume of slag, with slow pouring through 14-inch noz- 
zles. Also, we box-pour, which necessitates hot steel 
and slag. 


Errect or HigH-MANGANESE IRON ON QUALITY 


While there is considerable conjecture as to the in- 
jurious effects of sulphur in the finished product, every 
one will agree that both sulphur and oxygen are the 
cause of considerable worry to those whose task it is to 
convert the ingot to the finished product. The effect of 
manganese on sulphur and oxygen is believed to be as 
follows: 

Sulphur.—tiron combines easily with sulphur and in 
certain associations at certain temperatures is capable 
of taking it up from otherwise stable compounds. 
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Among others, it decomposes sulphate of lime (CaSo:) 
according to the equation: 
CaSo. + 4Fe = FeS + CaO + 3FeO 

The iron sulphide goes into the metal. From this it is 
seen that even though we start with a low-sulphur charge 
and are compelled to use high-sulphur fuel, the sulphur 
may get into the bath in the following manner: all 
producer gas contains variable percentages of sulphur, 
some of which is in the form of sulphurous acid, which 
in the flame comes into intimate contact with the charge. 
In the combustion chamber a portion of the sulphurous 
acid is oxidized to sulphuric acid which combines with 
lime to form lime sulphate. The latter can be reduced 
by the iron whereon the sulphur goes into the metal. 
When the charge in the open-hearth furnace contains a 
' sufficient amount of manganese there is an opposite 
reaction. Manganese forms with sulphur MnS, which 
is soluble in the slag as well as in the metal. MnS 
has the further property, in contact with free oxygen, 
of giving off SO. which escapes from the furnace with 
the waste gases, and the slag is robbed of its sulphur 
content. The following data show how, with the dif- 
ferent residual manganese in the metal, the different 
degrees of desulphurization take place. In the heats 
shown, practically the same charge is used, with the ex- 
ception of the manganese content. 


Averages are as follows: 


Iron with manganese 0.75 per cent to 1.00 per cent, 
giving residual manganese below 0.20 per cent, the 
finished sulphur in the heat shows 0.046 per cent. 

Tron with manganese 1.00 per cent to 1.50 per cent, 
giving 0.20 per cent to 0.25 per cent residual manganese, 
the finished sulphur in the heat shows 0.043 per cent. 

Tron with manganese 1.50 per cent to 2.00 per cent, 
giving 0.25 per cent to 0.30 per cent residual manganese, 
the finished sulphur in the heat shows 0.041 per cent. 

Iron with manganese above 2.00 per cent, giving 
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RESULTS OBTAINED ON CARBON STEEL HEATS, MANGANESE BELOW 
-20 PER CENT 


Residual F NEn. Mn. 

Heat No. Mn. added obtained Gain Loss ares 
OLY LI Sas ae 18 AQ .62 .02 save 042 
(C2 a eee liye .63 67 on 13 .040 
OC2250 Aya ae 18 40 AT Jl .038 
(CL 4 0 ee a eee fe) -50 .56 09 076 
52909 Toe esa csc 15 AT A6 Pair 16 057 
(OPP ee need. eee 16 .22 Ad 07 Bar 057 
(O52) Ure eee ene 12 AZ AT .08 .058 
CO5220G eco ws os 07 At .60 38 065 
BP 20S ss cisckes nn 12 AS 00 0 0 .058 
(C45 S02 eee 18 .08 32 .06 042 
(CAS 6 reece eee 16 .08 31 07 .030 
CONS ioe as os 16 5 0 04 046 
(SERIE Ge eee) Meee 18 os 33 15 046 
(OTN IDA ae i ee 19 04 2 09 ape .043 
CSOT G ore eon ons 19 04 30 07 Aor 054 
Rea ZOD SE. see sc: 19 AZ ot 05 .030 
Bea OU is. c0 ste & = s 16 28 31 13 045 
| BS oo eee 15 14 30 Ol 055 
[BaD SOO eB nce ess 19 25 55 11 oe .052 
POD 5 oe atenehese ss 17 Oo G4 .06 .040 
(BUSEY Be eee ay ee 10 30 cal 03 .040 
ISOS ens a a a 10 ot AS .02 .048 
bSOS Ds 5 che alens, 14 .66 62 sone 14 .039 
GpsUao tent ee. as 10 25 AT 12 nee .025 
BOS O oie a ek Fina, « 15 .50 08 a 13 .038 
C5SLOT Aes cre ese 17 A8 A8 ai .036 
C53040). Ga ote © 16 ae Jl 05 047 
C5208 Ve oe es 16 40 AT Al .050. 
CE LOBE ss Sis, seein oo 16 40 56 05 .040 
MES DOB ct ares Ria. atere 16 .50 55 Ll 047 
(210 2 Re ee eee 14 .50 59 05 046 
C152) 08 totes eae ee 09 54 57 07 .055 
(CNOA NOR eee onde 16 AT A6 Abe .050 
C5QNOS cas eines» 16 AL oo .03 046 
GSSULG eos pcs s 19 .28 A0 07 064 
STOO O rats, vex tenece oss 12 A5 be 04 .034 
(OUT ION oe oe te een 17 A0 40 allies 041 
(CERIO GN SIa cacmtien eerctene 18 aol 08 Al .050 
@5UNOOS Fe wxeis ao si 12 Alle .28 01 .040 
SOG recta 3s eyscei'e 14 48 51 Jl .038 
Average 15 Sf AY .02 07 046 
of 40 heats 

Average silicon added .......+---+eseeeeereee 171 

Average silicon obtained ......--. +++. .eeeeees 152 

019 


Riis afielia iste )4 Setar eel a bm ia Mian We, [ere be 
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RESULTS OBTAINED ON CARBON STEEL HEATS, MANGANESE 
20 TO .25 PER CENT 


Residual Mn. Mn. Sulphur 
Heat No. Mn. added obtained Gain Loss obtained 
(CoE ree cc Guin en .20 .63 83 0 0 .031 
Co22a A ae .20 -04 57 .26 noe .036 
(COO eG pioaiceea.8 2A 1 .62 ee 13 .038 
CaQ2ATle Sina. san .20 67 85 elite .02 .035 
CoT809 tage nae .22 .06 36 .08 ee 044 
(IO) et ec mR} 53 65 ne .08 054 
CSTR. arenes. EAI .08 35 06 ions 04.0 
Coq eS Pra... rate 24 0 34 10 062 
Coles a eee es 25 04 35 06 040 
(CGO: Agee ce: 23 .09 35 03 040 
(GHilIDMUR Go oabaone Di .09 40 10 038 
Colon. node 293, 10 36 03 043 
Cos21S Tne codes 24. 31 AT 08 044 
C537 ARee. eee .20 AT .60 Rare 07 O41 
LBs Oe Glo ooo .20 0 Al HA | Sore .038 
Biba Gilera siete 93 38 50 11 042 
C5808 2a ee 29 25 AS vo .02 .024 
C5303 3 manera .22 05 .28 01 i. .035 
CS53038H es 6 aes 20 30 42 08 041 
C5S0ST pen. eee 24 16 33 07 042 
C5S042 aw ace 22 AS 56 li 035 
C5204 be eee eee 2) .29 39 ae pa?) .057 
C53046 sae 21 52 7 04 ve. .032 
C5208 Oe. bak 98 40 50 ake] 046 
(COPANO a Ah are dene Q1 A8 56 13 040 
CS109T ten este tats 94, 40 52 16 061 
(GUO a 5 Bonbon 94. hi, 33 08 041 
Co? Ge ae. 21 Os) AS 10 046 
CO BGO ee ieee 93 ett 32 02 046 
CollSsten. caves 20 23 37 06 038 
GONE SG ct corde 9) .09 35 04 054 
CST9O ES eae on 12 45 12 054 
CoUSTO ee hecnoe 23, .20 34 09 048 
COLO UT eau 20 16 32 04 050 
(SEO) S erate Rekas 20 01 QT 06 043 
GGO1998 et8. 93 15 41 07 050 
CBT oO ee ins ck 93 AT 42 02 053 
CoIVSS i ee Ren 93, .06 34 05 046 
COTS Oto tes 5 07 35 03 047 
CoTQAORR veces cx 29 .08 33 03 043, 
as Too 22 .23 AA .033 044 043 
Average silicon added® <: ..% cls ene an ee 184 
Average silicon obtained Jo3..............-.., 148 
Ti0889 assis cect ont ee eee .036 
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RESULTS OBTAINED ON CARBON STEEL HEATS, MANGANESE 


-25 TO .30 PER CENT. 


Average 
of 40 heats 


Residual 


Mn. 


Mn. “i 
Mn. added obtained Gain Loss Bebra 

Eee: 30 4 61 see 23 034 
retreats 25 .03 36 .08 ak .035 
atatateneie 25 21 AS 01 .033 
Be doe uC 25 Al 63 .03 044 
Pad Sart 25 AT 57 14 045 
eae ete 27 51 49 .29 .031 
aipaeeuees 29 18 AS .02 043 
weg ersteee .28 12 Feith .03 .028 
Pickin .26 21 40 ao 07 .033 
Score 29 .09 40 .02 .039 
Bese anes 29 .03 36 04 .040 
Snipe theo 25 0 Rate) .08 042 
ee ane 25 04 35 .06 ae 037 
Pobahiotty 27 04 25 .06 036 
omen 25 54 70 09. 036 
at TERRE 25 AG 66 .05 .040 
Bee ck .26 36 AT 15 045 
aotecgte 29 5 34 .10 029 
ee 28 29 55 se .02 .040 
Wha Sari 25 22 51 .04 oe .036 
AARoeee 26 cil) 37 ane 02 .040 
Phobos tOhe 21 .08 aL 02 Bre 040 
mn ae 29 mibre Al ee: 05 045 
Psa Sassy 25 48 Sie 04 a 052 
a ears .28 .20 AQ .06 .040 
EO 26 44, 68 ie .02 046 
Berea 5 25 0 35 .10 Sele 037 
seal .28 AG 65 2 .09 048 
ee eee .26 AQ .66 ots .02 043 
Smita 25 .08 AS 12 Ree .053 
Sete 28 04: .30 wits .02 .035 
eres a5 8 26 04 40 10 sie .050 
Fe eee 25 OT 32 0 0 037 
Sapo ater QT .08 Ad .06 048 
a een oe 26 0 A2 16 aeRO 040 
satay 25 .08 28 05 .050 
seen eee 27 04 35 ozs 04 049 
ee aetae 27 .08 35 0 0 .049 
Be fogs 30 40 61 as .09 .048 
hess sce.s 30 04: 34 0 0 054 
26 .20 Ad .023 044: 041 

Average silicon added .....-.+-+-+++ssseerrres ALS 

Average silicon obtained ........---++++++++0> 132 

017 
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RESULTS OBTAINED ON CARBON STEEL HEATS, MANGANESE 
ABOVE .30 PER CENT. 


Heat No. 


Average 
of 40 heats 


Residual Mn. Mn. 

Mn. added obtained Gain 
aan oe AG 0 AB 
Paths vireysus 32 40 09 Reis 
ERE O5 30 19 53 04 
Aahome 0 30 0 34 04 
Pictures 33 54 70 P 
Panes 39 26 65 0 
fake diawene soil 51 .68 Se 
ashe Sitter 08 0 A0 02 
deh oe 35 55 .63 
Se 56 24 .60 ne 
Pe seey: 31 0 34 .03 
Aerio Fret) 0 Soe 0 
Shas Peles 40 0 AQ .02 
asin tec tats 48 0 cou 
shale he a 33 0 AQ .09 
Ms néveu oes 35 0 38 .03 
see rate ahs 32 0 3d .03 
aioe aioe 39 0 AA 05 
sarah SL 0 35 04 
Piaheahsial’ 35 AZ .68 
Epaeie tee AS 30 .70 
sprites 26 38 56 
eo nlavat ase 2 40 G4 
eciaane rea 65 0 OT 
So BIT 65 0 AS 
aceite tae 32 0 30 “8 
Desiaedecats ol 0 AA 13 
cbs one Race 34 0 35 .03 
os fo Teas 37 0 33 Rox 
erage at ates A9 0 OT .08 
irs Reehahags Rey) 0 og 0 
Siecle Acts 38 .06 40 
i 4 22 55 
Susie topes 38 5 3 0 
Siac ene 42 07 .50 01 
Serer A8 07 .50 seas 
Bye says 31 05 AQ .06 
RUtge, Sees AQ 0 50 .08 
een toll 10 AG 
Pits tats joo 30 62 

38 13 A8 .02 


Loss 


Sulphur 
obtained 


.033 
030 
.040 
-031 
032 
.028 
.028 
029 
048 
048 
053 
.050 
045 
046 
043 
035 
044, 
.033 
037 
039 
.032 
040 
.036 
.029 
.035 
040 
042 
.033 
045 
.032 
.033 
.039 
037 
034 
035 
035 
048 
.030 
047 
042 


.038 
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AVERAGE ANALYSIS OF LOW-MANGANESE NICKEL PIG IRON 
Si. Ss. P Mn. Ni. 


ASIETNAS: ic sod Gore teen Ba ens 1.02 .034 067 .66 2.02 


AVERAGE ANALYSIS OF HIGH-MANGANESE NICKEL PIG IRON 
: s. Be Mn. Ni. 
ASCIRDIA ES 8.6 Ba ae ABO BOS OnHOe 1.10 -039 065 2.35 LAT 


RESULTS OBTAINED ON 3.00 PER CENT NICKEL STEEL, WITH THE USE 
OF LOW-MANGANESE PIG IRON (NICKELIFEROUS) 


Residual Mn. Mn. : Sulphur 
Heat No. Mn. added obtained Gain Loss obtained 
CS206O Aeros e m8 | 84 70 Bos .25 .050 
(GHAE. Ut ees ee 19 .68 AS ee Al .029 
Ca20U Be eoe's 2 a5 <1 ake 84 AG ee 51 034 
WaQOTO Ks tre wissen 17 84 42 ae 59 031 
IBS 5635. 1225006 <5 18 .63 56 25 032 
CSTIS Tse se). 3s 26 AS 62 09 040 
(C554 6 en ees 16 .50 52 14 04:5 
Conti aes acess 20 A5 60 05 039 
(OAS 8 We ence 16 AQ 60 08 044 
OSLO Ua ciereccs.< es okt AT 60 03 046 
C5Q080 Baer. as 21 63 64 20 037 
(C20 UA ae 513 16 46 43 034 
One ates = nhs a ay .76 42 51 031 
C52069 weiss s 19 61 45 35 029 
ZOCOR ere sie on 11 84 70 25 050 
preraee ah 65 53 eas 24, .038 


of 15 heats 


RESULTS OBTAINED ON 3.00 PER CENT NICKEL STEEL, WITH THE USE 
OF HIGH-MANGANESE NICKEL PIG IRON 


Residual Mn. Mn. Sulphur 


Heat No. Mn. added obtained Gain Loss obtained 
BoS649% ic. on se es 35 38 61 12 040 
556507 5,412) 25 55 67 13 030 
Bo0G8U sve asverse 12 afi 57 26 025 
IB SDC 52 ions, oo oe .20 70 52 38 026 
IB bO658.c sore deere: 35 37 60 12 035 
IBGGO04 er oss © .28 AT AT 28 031 
Bo0655s. 10.02 52 0 52 0 0 022 
IBS5656.0<. m2. A8 0 AQ 01 har .023 
BOOGD1 es 6s eas 24 0 .28 04 hs .029 
B55659....5.5...5 21 AT 48 os 20 028 
B55660........... .29 52 73 08 030 
IBOS66) 6 osc so = soe .30 A3 63 10 028 
IBS5668. 025... 225% 24 AB 62 10 031 
BS55664.......... .20 55 62 13 030 
BS55665. -. 23. -- ss 31 A5 60 16 029 
everaee 28 40 56 .003 14 029 


of 15 heats 
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above 0.80 per cent residual manganese, the finished 
sulphur in the heat shows .038 per cent. 

The sulphur in the charge was increased with the 
manganese in the iron rather than decreased: 

Charge of 0.75 per cent to 1.00 per cent manganese 
averaged 0.052 per cent sulphur. 

Charge of 1.00 per cent to 1.50 per cent manganese 
averaged 0.053 per cent sulphur. 

Charge of 1.50 per cent to 2.00 per cent manganese 
averaged 0.055 per cent sulphur. 

Charge of above 2.00 per cent manganese averaged 
0.061 per cent sulphur. 

The same fuel was used on all heats. 

With the nickeliferous irons used for making nickel 
steel: a 0.0345 per cent sulphur iron containing 0.66 per 
cent manganese gave 0.0385 per cent sulphur in the 
steel; a 0.0395 per cent sulphur iron containing 2.35 per 
cent manganese gave 0.029 per cent sulphur in the steel. 

Outside of the pig iron other elements were the same. 
An interesting experiment was conducted in Bethlehem 
two weeks ago in connection with the removal of sulphur 
by means of manganese. Cast A2332 analyzing at the 

blast furnace; Mn 1.92, P .120, S .228, Si 0.65 was used 
directly on heats B55676 and C52237; the residual 
manganese in these heats was 0.31 per cent and 0.33 per 
cent, respectively ; the sulphurs on the finished heats were 
0.029 per cent and 0.030 per cent. At the same time 
cast B4004 analyzing Mn 0.90, P 0.98, S .120, and Si 
0.68 was used on heat B55688 and the finished sulphur 
showed 0.077 per cent. All three heats were worked as 
nearly alike as possible in the furnace, using the same 
kind of fuel, scrap, limestone, charge, etc. No time was 
lost working down sulphur in either case. 

From the above results I have concluded that man- 
ganese introduced in the pig iron will reduce sulphur in 
the open-hearth charge. 

Oaxygen.—Oxygen is contained in all classes of steel 
but only in very minute amounts. The estimation by 


1 
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analysis of the amount present in steel is accompanied 
by very great difficulties. In spite of the fact that the 
amount of oxygen going into the steel is in very small 
ratio to the total weight, we can daily observe that iron 
takes up oxygen and that large amounts of reducing 
agents are not capable of completely hindering its entry. 
Carbon, phosphorus and silicon, for example, act im- 
perfectly in a basic furnace to take up oxygen. 

According to the best evidence, the first indication 
of red-shortness in steel is noticeable with 0.01 per cent 
oxygen, while a content of 0.05 per cent oxygen renders 
steel unusable. 

According to Dickman, red-shortness due to oxygen 
cannot be offset by carbon, phosphorus or silicon, but 
can be very much reduced by means of manganese, 
which, although it does not effect complete removal, 
must be regarded as the best destructive agent of the 
ferrous oxide dissolved in the iron. We can then use 
manganese as a preventive agent against red-shortness 
by means of additions to the charge. This is best ac- 
complished by the use of high-manganese iron. 

Dickman also claims, and this is borne out by our 
practice, that oxygen will not be found in steel in note- 
worthy quantities so long as the residual manganese re- 
mains sufficiently high (0.30 per cent). The reason for 
this is as follows: | 

There takes place a state of equilibrium between the 
manganese in the slag and the metal and the more man- 
ganese contained in the metal the more quickly this state 
of equilibrium will be attained. Furthermore, the slag 
can only take up a limited amount of metallic oxides, 
and the more manganese oxide it contains the less must 
be its content of ferrous oxide. It seems clear, however, 
that a slag rich in manganese oxide, notwithstanding its 
possibly very high oxygen content, cannot react so 
powerfully on the manganese in the charge, as would be 
the case if its entire oxygen content were combined with 
iron. ‘Therefore, on the one hand the manganese con- 
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tent of the metal is less diminished, and on the other 
hand, by exhaustion of ferrous oxide in the slag, the 
carbon suffices to reduce manganese oxide and return 
it to the metal, in which it is enabled to more ener- 
getically attack the traces of ferrous oxide which have 
penetrated it than the remaining reducing agents are 
capable of doing. 

This phenomenon of the return of manganese from 
slag to metal is shown by a number of tests given below. 
These tests were taken from different heats at half-hour 
intervals and show, in most cases, the return of man- 
ganese from slag to metal. 


First Second Third First Second Third 
Heat No. Residual Residual Residual Heat No. ResidualResidual Residual 
B55670 22 25 alas C53218 20 24 
B55671 QT 36 ies C51310 33 40 
B55672 AZ AS De C51311 08 35 
C53183 .50 35 ers C53221 02 32 
C52236 38 38 wee C53222 ol AS 
C53188 27 QT 27 B55716 AZ 20 
C51281 .29 35 ate B55717 20 2 oe 
C53191 22 ol lege C51314 36 30 30 
C55686 .20 ae eos C53226 08 48 , 
B55687 23 24 sae B55720 Bit 37 efike 
C53196 34 36 36 C53227 54 54 54 
C51288 Al 34 ae C52283 32 34 whe 
C51289 24 24 seks C53230 .28 32 AQ 
B55692 «32 32 a C52284 22 35 
C51295 .22 .26 a B55725 25 .28 
C53202 21 34 AQ C53232 28 30 
C53204 21 AA ee C52286 20 28 
B55698 36 .50 ease . C€52288 30 .28 he 
C51297 .28 25 sae B55728 34 36 36 
C53205 29 27 acts C53236 AG A8 .50 
B55699 20 32 40 C52290 25 .28 aaa 
C55700 33 40 cats B55731 AG .50 Rit) 
C53207 .56 65 FOS C52292 .29 33 ats 
B55702 35 32 ea C53238 .69 65 58 
C52265 26 .26 .28 B55732 37 36 are 
C53211 32 .28 sags C53240 36 38 AQ 
B55705 30 30 we C52295 40 AQ AA 
C53213 .26 30 aa C55734 .23 28 
B55706 .28 35 eats C53243 36 37 
B55707 23 25 32 C52298 27 oo) “Ks 
C51305 25 32 masts C53245 35 AS A5 
C53215 25 .29 siete B55738 29 32 Rey 
B55708 .20 25 were C53247 33 38 AQ 
C51306 32 35 wees C52301 65 .60 41 
C52267 26 38 ee B55739 A6 38 _ 3 
C53216 25 32 Bae C53248 .68 12 .66 
B55709 21 27 Satie C53240 Ad AT A8 
C52270 22 25 mare C53250 .20 2A 
C52271 25 .28 bye C52302 .30 31 


C51308 A5 48 Aas Average 32 35 ‘42 
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In acid steel manufacture, a great deal has been 
said in the past few years about the impregnation of the 
bath with silicon from the slag and furnace bottom; and 
I think it has been generally agreed that an acid heat, to 
impregnate any large amount of silicon (say about 0.18 
per cent) must be pretty free from oxides. The same 
may be said about reversal of manganese from slag to 
metal in a basic furnace; when this takes place, the heat 
must be pretty well cleared up and the slag and metal 
must be nearly free from FeO. 

Slag analyses were taken from heat B55699 at the 
same time as the tests for residual manganese, with the 
following results: 


Residual Manganese 


DPE MBG ES beter i cen ose cite caress acer each ata cortua, aller Seale rare pista sean diteltae 0.20% 
Im second test (one-half hour later)).. 3.5 .cii3s2 ea as ae cae eo.) 032% 
Slag Analysis 

SiOs CaO MgO FeO MnO POs Ss 
Pirstetest. soe. a. 92.15 48.28 5.32 10.55 5.65 143 = ..235 
Second Test \.. <2: 24.93 48.81 7.70 7.09 3.95 1.45 125 


The decrease in MnO shows a return of manganese 
to the metal from the slag; a corresponding decrease of 
FeO; also a decrease of sulphur in the slag due to the 
MnS being broken up and the Mn returning to 
the metal. With iron oxides as low as this in basic 
open-hearth slag, we would not expect much oxygen to 
be found in the steel. 

Some of the typical slag analyses from the test heats 
are given below: 


Date Cao MgO SiO. MnO FeO s P05 
8/14 53.44 5.86 20.69 5.50 10.31 25 1.37 
8/15 53.86 TAGS 23.37 4.05 9.37 .23 1.16 
8/16 54.96 7.39 22.30 4,20 9.62 PUK 1.32 
8/19 50.81 6.73 26.83 6.85 6.42 19 1.50 
8/20 42,68 5.01 24,31 8.59 11.02 142 82 
8/21 42.80 6.10 26.44 7.88 8.72 196 1.04 
8/22 42.97 5.32 26.64 9.42 7.54 138 1.26 
3/23 48.28 5.35 99.15 5.65 10.55 .235 1.43 
8/26 48.4.1 7.70 24.93 3.95 7.09 125 1.45 
8/27 48.71 5.36 22.65 4.75 8.27 .236 .98 


Typical slag analyses, taken at half-hour intervals 
during working of heat, were as follows: 
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MnO FeO MnO FeO 

Heat No. Ist test 10.06 19.95 Heat No. Ist test 13.29 9.72 
52312 Qnd test 12.64 11.09 53260 Qnd test 10.71 10.84 
3rd_ test 9.68 9.46: 3rd test 12.26 8.60 

4th test 9.93 9.20 4th test. 11.61 8.43 


The advantage of having the manganese in the 
charge and not adding it preliminary to the tapping of 
the heat is best brought out in an article written by Mr. 
Kinney, which appeared in the Transactions of the In- 
stitute of Mining and Metallurgical Engineers of April, 
1919. Mr. Kinney asks the question, “Can one logically 
assume that the demand for thorough deoxidization be 
met when a bath of steel low in residual manganese, and 
covered with a basic slag containing the general per- 
centages of oxides, be deoxidized by the most archaic 
method of adding a few hundred pounds of deoxidizer 
in the ladle and pouring the steel almost immediately?” 
Also; is it possible for equilibrium to be attained in slag 
and metal and complete deoxidization, when this man- 
ganese is put in the furnace just previous to tapping? 

Upon the answer of these two questions depends the 
need of a high-manganese charge for the manufacture 
of the better grades of basic open-hearth steel. Previous 
data shows that the loss of manganese from additions 
made at tapping is very greatly reduced as the residual 
manganese of the heat increases. During the past 
month steel has been made at Open-Hearth No. 3 with 
an average residual manganese of 0.88 per cent, adding 
0.18 per cent and finishing 0.48 per cent, or a loss of 0.03 
points. This shows clean steel. 


ADVANTAGES IN Rotiine MIL OPERATIONS 


I have not tabulated actual figures on the chipping 
costs, yields, ete., of steel made from high-manganese 
iron in comparison with low-manganese. However, I 
have observed that steel made from high-manganese 
iron shows considerably less tearing at the bloomer, 
requiring about one-third less chipping; yielding, by my 
estimate, more than 8 per cent additional good product. 
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VicE-PRESIDENT Kine: This paper was to have 
been discussed by Mr. F. D. Carney, Consulting Metal- 
lurgical Engineer, New York. Mr. Carney is unable 
to be present and his paper, which has been presented in 
_ writing, will be published in the record. 


THE USE OF HIGH-MANGANESE IRON IN 
BASIC OPEN-HEARTH PRACTICE 


DISCUSSION BY FRANK D. CARNEY 
Consulting Engineer, New York 


The conclusions reached by Mr. Wheaton regarding 
the use of high-manganese iron in the basic open-hearth 
process confirm my own observation of results obtained 
during the past fifteen years with open-hearth steel in 
which the charge contained a comparatively high per- 
centage of manganese. 

While it is true that where high-manganese charges 
are employed the cost of ingots is somewhat increased, 
the cost based upon finished product shows a marked 
decrease compared with steel produced in which the 
residual manganese is about 0.15 per cent or under. ; 

My conclusion has always been that the residual 
manganese should not, at any stage of the process, be 
below 0.20 per cent. It is immaterial whether the man- 
ganese in the charge comes from a high percentage in 
the pig iron, from manganese ore, or other manganifer- 
ous additions as long as the manganese is introduced 
with the original charge in the furnace. 

During 1910, 1911 and 1912 we conducted at the 
Pennsylvania Steel Company an exhaustive series of 
experiments to determine, both quantitatively and quali- 
tatively, the question of deoxidation of steel with re- 
sidual manganese and its effect upon quality of the 
product, yield and cost. It was the practice in this 
plant in the manufacture of many grades of steel to 
reduce the carbon in the furnace to 0.10 per cent and 
to then recarburize with molten pig iron in the ladle to 
the percentage desired. Under these conditions the 
following conclusions were arrived at: 

(1) That it is necessary to maintain throughout the 
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process a manganese content of approximately 0.20 per 
cent. 

(2) That, in order to maintain this percentage, the 
slag must contain approximately 10.00 per cent MnO. 

(3) That manganese ore, ferro-manganese, spiegel, 
ferro-manganese screenings, or any form of manganese 
or manganese oxide will produce the same results as 
high-manganese pig iron. 

(4) An increased residual manganese over 0.25 
per cent does not warrant the cost of obtaining it. An 
exception to this is steel containing over about 0.45 
per cent carbon which was “caught coming down.” 

(5) Residual manganese in a heat of steel drops 
appreciably immediately after oreing, but returns to 
the bath shortly after the ore has been added. 

(6) Residual manganese at the end of a heat is 
always increased by thickening the slag with dolomite. 

By adopting as regular practice the addition of 
sufficient manganese ore to the charge to give from 
8.00 to 12.00 per cent MnO in the slag, all of the results 
secured by Mr. Wheaton were obtained, and we had 
an increased yield from ingots to billets on alloy and 
high-grade steels of slightly over 8 per cent, the increase 
being entirely due to less surface defects. 


DurpLEx PRocEss 


The most marked advantage of a comparatively 
high residual manganese is in the duplex process em- 
ploying acid bessemer and basic open-hearth. The 
product of the bessemer converter contains a negligible 
percentage of manganese so that the only manganese 
which would enter into the open-hearth process before 
the final additions would be that which came from any 
molten pig iron which might be added to the furnace. 
Considerable difficulty was, therefore, encountered in 
manufacturing high-grade steel by the duplex process 
of a quality equal to ordinary product of the straight 
pig and scrap process. 
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Before realizing the significance of residual man- 
ganese in the process it was observed that the rolling 
qualities of steel, made under apparently identical con- 
ditions, varied greatly between heats. It was our prac- 
tice to produce ingots with a determined constant-type 
top surface in order that we might have a minimum 
depth of pipe, with blow holes sufficiently far from the 
surface to not cause damage. It was observed in cast- 
ing a large number of heats of the same grades of steel 
into ingots weighing 6,000 pounds that it was necessary 
to add in the molds aluminum, varying from nothing to 
two pounds per mold, in order to obtain the same type 
of tops, and also that the percentage of surface scrap 
varied from nothing to 10 or 12 per cent, almost directly 
as the aluminum required in the molds. 

The bad rolling qualities of heats requiring a large 
quantity of aluminum were due not to the aluminum, 
but to the condition which necessitated the use of alu- 
minum. While apparently the steel was deoxidized by 


aluminum, as indicated by the absence of excessive evo- | 


lution of gas, the rolling qualities of the steel did not 
indicate that such was the case. The natural conclusion 
would, therefore, be that oxides must exist in steel in 
more than one form. 

It has been stated that there are oxides in solution 
and oxides in suspension. We could say that oxides in 
suspension cause an evolution of gas upon solidifying, 
and that oxides in solution affect the rolling qualities. 
This explanation at least fits in with the effect of re- 
sidual manganese, and we might, therefore, assume, 
until some contrary evidence is presented, that it is ap- 
proximately correct and add that the two forms of 
oxides probably exist approximately in proportion to 
each other. If we, therefore, take the aluminum addij- 
tions plus the silicon addition, which has been oxidized, 
and the manganese addition, which has been oxidized, we 
have a comparative estimate of the quantities of oxides 
present in the steel. 
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I am giving with this discussion a chart which shows 
a careful record of such additions reduced to the theo- 
retical percentage of manganese oxidized. It indicates 
that for the best rolling steel approximately 1 per cent 
of the charged weight of a heat of duplex steel must be 
manganese. ; 

After this proportion was determined, the addition 
of this amount of manganese was attempted at various 


Relation between Elements for: hoxidizing and Scrap 
Nickel-Lhrome Hetomobile Steel. A, - OLS4 Carbon. 
2222" ingots fycrage 6000 lbs. 3/7 ingots, 
Ordinate = Fo Al + G25. + th: 


Hl= % Al added in molds. 
Siz Siliton Y added bet act retained 
Nn= Mandanese ¥ added but rot retained 


Look IO“n loo% RSaie4 0.0” 
Surface Scrao 
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intervals before tapping the heat, and it was found that 
no appreciable benefits were derived by attempting to 
deoxidize the steel with manganese in less time than: 
one hour. The final outcome of these investigations 
was that from one-half to one per cent of the weight of 
a duplex heat was made up of manganese in the form 
of manganese ore and charged into the furnace with the 
lime. As our duplex process at that time carried only 
approximately 5 per cent of slag volume, the MnO in 
the slag averaged over 8.00 per cent and the residual 
manganese in the steel between 0.20 and 0.40 per cent. 

The rolling qualities of the duplex steel so made 
were equal to, if not better than, that made by the 
straight open-hearth process, in which no effort was 
made to maintain the high manganese. 

Another interesting application of high residual 
manganese, which is a very extreme case of a high per- 
centage of manganese charged into an open-hearth fur- 
nace using the pig and scrap charge, is one we recently 
made in which we charged 80.00 per cent steel scrap and 
20.00 per cent spiegel, analyzing 20.00 per cent man- 
ganese, no pig iron being used. These heats were melted 
with oil containing over 3.00 per cent sulphur, and the 
resulting product of several heats was below 0.025 per 
cent sulphur. The steel showed remarkably good roll- 
ing qualities. 

The use of high residual manganese from the open- 
hearth furnace produces not only a better quality of 
steel, but it is economical on account of the greater yield 
from the ingot. Its application to the duplex process 
is a means by which uniformly first quality steel can 
be made by that process. 


Vick-Presipent Krne: We will now pass on to the 
paper on “The Heat Treatment of Automobile Steels,” 
by Robert R. Abbott, The Peerless Motor Company, 
Cleveland, Ohio. 


THE HEAT TREATMENT OF AUTOMOBILE 
STEELS 


ROBERT R. ABBOTT 
The Peerless Motor Car Company, Cleveland, Ohio 


Steels entering into motor car construction do not 
differ from those entering into the construction of any 
other piece of machinery. The use of alloy steels has 
developed coincidently with the development of the 
automobile, and, of necessity, the art of heat treating 
has been extended to keep pace with this development. 

To the man who is familiar with what has been 
done during the last fifteen years in the accumulation 
of knowledge of the manufacture and heat treatment 
of special steels, there are two facts which cannot fail 
to impress him very forcibly: (1) the manufacturers 
have produced comparatively few classes of alloy steels 
which apparently cannot be radically improved upon 
by varying the percentage of the constituent elements; 
no new alloy steels have been produced recently which 
are radically superior to the steels in use for the last 
fifteen years; (2) the metallurgists are spending im- 
mense sums of money in laboratory equipment and ex- 
perimentation, trying to obtain the highest physical 
properties possible out of these steels. In short, the 
manufacturing foundation is apparently more firmly 
established than that of the heat treating. Let us see 
why this is so. The demand for heat treatment of steel 
has been developed so rapidly that the supply of men, 
with the practical experience and the fundamental 
knowledge of the underlying theories necessary for this 
work, has not been available. The result has been that 
men not fully equipped with this experience and knowl- 
edge have been compelled to assume charge of metal- 
lurgical laboratories and heat treating operations and 
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produce physical properties in steel demanded by the 
particular product made by their employers. This has 
usually been an expensive operation, because it entailed 
a great deal of experimental work which otherwise 
would not have been necessary. 

The underlying principles of the heat treatment of 
steel are in general comparatively simple and easily 
understood. Their practical application is not so readily 
carried out. For example, we know that a piece of 
medium carbon steel has two critical points or tempera- 
tures at which certain physical changes take place which 
are important in its heat treatment. These critical tem- 
peratures are readily determined by simple laboratory 
methods, but after this our theory fails to inform us 
just what connection exists between these temperatures 
and the best quenching temperature to produce certain 
physical results. 

We know that the critical temperatures depend upon 
the chemical composition of the steel; some elements 
raise and others lower both, while still others have an ~ 
opposite effect upon each of them. So far our theory 
gives us no information regarding these effects, but 
with sufficient experimental data on hand it is apparent 
that we should be able to calculate the position of these 
critical temperatures from the chemical composition of 
the steel. This has been done, and there are several 
laboratories that get all their critical temperatures by 
calculation from the chemical analysis. This is a great 
step forward and it is of particular value to concerns 
doing commercial heat treating where a great variety 
of steels is being treated. 

Chemically, the steels in use at the present time in 
automobile construction can be broadly classified as 
follows: 

(1) Plain carbon. 

2) Nickel. 

) Chrome-nickel. 

) Chrome-vanadium. 

) 


( 

(3 
(4 
(5) Chrome. 
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(6) Manganese. 

(7) Silicon. 

(8) Molybdenum- (chrome) (nickel) . 

(9) Silicon-nickel. 

The first four are the common types, numbers five and 
six are less common but are widely used for special 
work. Numbers seven and nine are more common 
abroad than in this country. Number eight has only 
been used for a few years, but the outlook for its more 
extensive use is good. 

There is no alloy steel which is markedly superior 
to all others. It is self-evident that if this were so we 
should be using but one type of such steel. Fach type 
has certain advantages and disadvantages. In order to 
obtain the maximum efficiency from a heat treatment 
it is necessary to thoroughly understand the peculiari- 
ties of that type. There is no automobile made today 
which could not be made just as good if a different type 
of alloy steel properly heat treated were used in its 
construction. The use of a particular type of alloy 
steel is largely a matter of personal preference which is 
usually backed up by a very decided conviction that this 
type is far superior to any other steel. This conviction 
is usually the result of one of two causes: (1) the user 
is more familiar with that type through personal experi- 
ence of his own or of friends; and (2) more or less ex- 
tensive experiments have apparently convinced the user 
of the superiority of one steel. Frequently a part made 
of one type of steel does not give satisfaction in service 
and other steels are tried until one is found which is 
successful. In many cases the original steel would have 
proved satisfactory if the correct heat treatment had 
been applied. It is all too common a practice to com- 
pare the efficiency of different types of steel by applying 
the same heat treatment to all and judging the steels 
by the results. It would be just as logical to boil an 
egg and a potato three minutes and then condemn the 
potato as an article of food. 

I venture to say that in a large majority of the 
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cases where one standard alloy steel has been condemned 
and another substituted it has been the fault of the treat- 
ment rather than of the steel. 

As a typical illustration of this, consider the heat 
treatment of light armor plate. Before and during the 
war light armor plate could be made which would resist 
the penetration of an armor-piercing bullet at fifty and 
one hundred yards in a thickness of five-eighths of an 
inch. Most of this armor plate was chrome-nickel steel. 
Much money was spent during the war in developing 
new steels in an endeavor to reduce this thickness. 
Plates were produced that would resist in five-tenths of 
an inch thickness, and two plates of very complex steels 
were finally produced, as a result of thousands of heat 
treatment tests, which resisted one shot only in a three- 
eighths inch section. Just after the war a plate of a 
plain 31 per cent nickel steel taken from stock used for 
automobile axles, was forged to three-eighths of an inch 
thickness, carefully heat treated, and it resisted five 
shots fired at fifty, seventy-five, one hundred, one hun-. 
dred and twenty-five and one hundred and fifty yards. 
Apparently, correct heat treatment of old steels, rather 
than the development of new steels, will frequently 
offer more promising results. It is less common for 
one type of alloy steel to be substituted for another due 
to defects in the manufacturing, but there are occasional 
cases. In a recent case a high-grade alloy steel made 
by the electric furnace process gave considerable trouble 
due to cracking during heat treatment. The steel 
makers insisted it was not the fault of the steel, and 
suggested a change in the treatment; this afforded no 
relief, and the users finally decided to abandon that type 
of alloy steel and substitute another. At this point a 
sample was sent for examination to a metallurgical lab- 
oratory and it was found to be full of slag. A new lot 
of steel was purchased and examined for slag before 
being used. None was found and the trouble dis- 
appeared. 
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Quite frequently a slight change in design will over- 
come difficulties which are ascribed to heat treatment 
or material or both. As an example, a common source 
of trouble in an automobile is the twisting off of live 
axles. In most cars they are subject to a bending 
moment as well as torsional. These usually break at 
“A” (or possibly “B”), see Fig. 1: This is because 


A B. Cc 


Fig. 1—Diagram of live axle showing breaking points 


the bending moment is a maximum at this point. The 
usual procedure when this difficulty is met is to try 
to get other steels which are better. If this fails, metal 
is usually added at “A” (or “B”). Asa matter of fact, 
if the design is otherwise correct and a good steel is used, 
the difficulty can usually be overcome by removing 
metal along the section “B”-“C” and throwing the max- 
imum bending moment away from “A” (or “B”). In- 
creasing the diameter of a fillet will frequently overcome 
trouble after much loss of money and time has been 
occasioned in the search for a better steel or for a better 
method of treating the one in use. 

Automobile steels subject to heat treatment can be 
broadly classified into low, medium and high carbon. 


Low CarzBon STEELS 


The low carbon steels are usually case hardened. 
The most important use is for gears, spring bolts, steer- 
ing knuckle bolts, camshafts and various other parts 
subject to wear. With the exception of the transmis- 
sion it is nearly universal practice to use case hardened 
gears for all purposes. A medium carbon transmission 
gear without case hardening is frequently used. Some 
gears, such as driving, differential and transmission are 
subject to much shock as well as wear, while others, as 
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water pump, magneto and timing gears are merely sub- 
ject to wear. A gear, or any case hardened part sub- 
ject to shock, must be treated differently from one not so 
subjected. Consider an axle driving pinion. After case 
hardening it consists of a low carbon core with a high | 
carbon surface.. If it is allowed to cool in the case 
hardening material it will have a structure similar to 
Fig. 2, which is magnified. The core consists of a 
matrix of soft iron “A,” with fairly large masses of 
pearlite “B,” which are mechanical mixtures of carbide 
of iron and iron, containing all the carbon in the steel. 
The case contains large masses of pearlite “C” sur- 
rounded by an envelope of carbide of iron (cementite) 
“D.” “A” is soft and ductile. “B” and “C” are harder 
and less ductile, while “D” is extremely hard and brittle. 
If this pinion is now heated to the hardening point and 
quenched, the steel is hardened, but the general struc- 
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Fig. 2—Diagram showing microscopic structure of case-hardened automo- 
bile parts 


tural appearance is the same as in Fig. 2. The actual 
change which takes place consists in the formation of a 
solid solution instead of a mechanical mixture in the 
pearlite “B” and “C,.” The brittle cementite envelope 
“D” now surrounds the hard, solid solution “C” in the 
case and if a sudden shock occurs this cementite will 
crack like glass; the rupture will be carried into the core 
where it acts like a nick in the surface of steel and the 


HEAT TREATMENT OF AUTOMOBILE STEELS—ABBOTT 427 


break will be carried through the entire piece, un- 
less the area of the core is large compared to that of the 
case. This treatment is not suited for parts subject to 
shock. 

If we now heat the same piece of steel progressively 
higher than the hardening temperature the pearlite “B” 
and “C” absorb or dissolve the surrounding iron “A” 
and cementite “D” until at some definite temperature 
we have a solid solution throughout the pinion, the only 
difference being that the solution made from the case is 
more saturated in carbon than that of the core. Upon 
quenching, this condition is retained to a greater or 
lesser extent. This uniform structure is far better able 
to resist shock than the previous one, but it has two dis- 
advantages: (1) the absence of the cementite “D” in the 
case lowers the resistance to wear; and (2) the size of 
the solid solution crystals depends upon the temperature 
to which they have been heated and, due to the high tem- 
perature used to obtain a uniform structure, the large 
surface crystals show a decided tendency to brittleness. 
Both of these disadvantages can be removed by a second 
quench from just above the hardening temperature. By 
this heating, both the iron “A” of the core and the 
cementite “D” of the case are thrown out of solution, 
but, by virtue of this method of formation they are in a 
very fine state of division. The cementite “D” is now 
in very small globules, which no longer allow a shock 
fracture to travel any distance; the result is a wear re- 
sisting case and a shock resisting core and case. 

It is very essential for the carrying out of this treat- 
ment that the temperatures at which the quenching takes 
place be controlled very accurately. In order to do so 
- there has been developed, and used extensively, an elec- 
tric heating furnace having a low heat retention value; 
the parts to be hardened are placed in it with the fire 
end of a pyrometer couple as near the center as possible. 
Due to the low heat capacity of the furnace it is cooled 
considerably ; as the articles heat, the pyrometer is read 
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on a recording chart and the curve shows a deflection 
the instant that the hardening temperature is reached, 
due to the absorption of heat caused by the physical 
transformation. By this means, inaccuracies in the 
pyrometer have no effect since we are not concerned 
with actual temperatures but with the time at which a 
transformation is occurring. 

A very common source of trouble, particularly in a 
case hardened gear, is a rapid wear of the tooth surface. 
This is in spite of the fact that the gear is file hard when 
assembled. It can usually be traced to a too shallow 
depth of carbonization. The thin case acts similarly to 
a thin sheet of ice while the soft core can be likened to 
the underlying water. The rigidity of the thin case is 
not enough to resist the high unit pressure and as a re- 
sult it sags and microscopic cracks develop in it. This 
allows minute pieces to chip out. The result is an 
apparent rapid wear. 


Mepium Carpon STEELS 


By medium carbon steels in the motor car industry 
is usually meant those containing from .25 per cent to 
.55 per cent carbon. Such steels are used for nearly all 
important parts which are not case hardened. For parts 
which are subject to high stress, such as springs, the 
higher range of carbon is used; for torsional parts, such 
as live axles, intermediate carbons and for parts subject 
to extremely high shock, such as steering knuckles and 
arms, the low carbons are used. Frequently but two 
divisions are made, spring steel and one containing .80 
to .40 per cent carbon. The ideal treatment of this class 
of steel is that which will give a homogeneous solid solu- 
tion with the smallest possible crystals. Usually this 
means a quench from slightly above the temperature of 
complete absorption of iron (the upper critical tempera- 
ture). After the quench the steel is reheated (drawn) 
to various temperatures to give the physical properties 
desired. The higher the reheating temperature the lower 
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the physical strength and the greater the toughness. Fre- 
quently steels containing chromium require a prelimin- 
ary heat considerably above the temperature of complete 
absorption. ; 

Parts subject to great shock, such as steering arms 
and knuckles, are drawn back to a very high tempera- 
ture to give maximum toughness, while those subject to 
a constant high stress, such as driving axles, are drawn 
to a comparatively low temperature. Front axles and 
connecting rods and various similar parts usually receive 
an intermediate draw. This general treatment, irre- 
spective of the temperature of draw, produces a 
homogeneous material instead of the mechanical mixture 
of unheat-treated steel. The result is an increase in 
strength, toughness, fatigue and shock resisting proper- 
ties. It is unfortunate that there is no commercial 
testing machine which will give us accurate data regard- 
ing shock and fatigue tests of steel. We do know, how- 
ever, that if we produce this homogeneous structure and 
have a high degree of toughness (as measured by the 
reduction in area) the steel will resist fatigue and shock 
to the highest degree. ‘There is no one alloy steel type 
which resists fatigue or shock better than any other. 

The very peculiar fact was discovered during the 
war that with some steels, particularly those containing 
chromium, higher shock tests could be obtained if the 
steel was quenched from the temperature of draw in- 
stead of allowing it to cool slowly. No difference in the 
other physical properties was found. In one instance 
many crank shafts, which met physical specifications in 
all ways except for a shock test, were rejected. These 
were then drawn again and quenched from the low draw- 
ing temperature, when they passed a high shock test. 
They were no better physically than they were before 
and their record in service was neither better nor worse 
than those which passed the shock test without this 
quench. In another instance a tabulation of aeroplane 
motor crank shafts broken in service contained more 
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which had passed a high shock test than those which had 
passed a low test. 


Hicu CarBon STEELS 


Very little high carbon steel is used in motor car 
construction. Plain carbon steel springs both flat and 
spiral are used with from .60 per cent to 1.25 per cent 
carbon. Bearings with and without chrome and con- 
taining 1.00 per cent to 1.25 per cent carbon are com- 
monly used. Some hardened tool steel is used for small 
pins. 

The heat treatment of steel is becoming more and 
more an exact science. In the near future very little 
experimental work will be necessary in the metallurgical 
laboratory. From the chemical analysis the correct heat 
treatment as well as the physical properties resulting 
will be calculated. Also from our knowledge of the 
effect of different elements upon the physical properties, 
we will determine mathematically the correct composi- 
‘tion to produce required results. 


_ Vicr-Presmpent Kine: Mr. Abbott’s paper is to be 
discussed by Mr. John A. Mathews, President, Crucible 
Steel Company of America, Pittsburgh, Pa. 


THE HEAT TREATMENT OF AUTOMOBILE 
STEELS 


DISCUSSION BY JOHN A. MATHEWS 
President, Crucible Steel Company of America, Pittsburgh, Pa. 


Having received Mr. Abbott’s paper only a few 
days ago, I have not had a great deal of time to devote 
to it. I think very little exception can be taken to the 
statement of facts given in the paper, but I believe Mr. 
Abbott might have gone a little further in amplifying 
some of the statements he made with reference to the 
interchangeability of alloy types. 

It would seem to me that that was hardly the best 
information to spread broadcast among consumers of 
steel who are not thoroughly and technically qualified to 
weigh that information. I am reminded of an inquiry 
we had a number of years ago from a man who wanted 
the most elastic limit he could buy for five cents a 
pound. That gentleman did not care which type of 
stock he got. I do not think that is quite a safe matter 
to leave in the hands of the public, as consumers of 
steel. 

Again, in reference to the statement that no satis- 
- factory methods of shock and dynamic tests are avail- 
able, that is a question which, as you may recall from an 
earlier meeting of this Institute, is being very carefully 
investigated by a committee of the National Research 
Council that is well financed and acting under the 
direction of Prof. H. F. Moore of the University 
of Illinois. Before that committee has reported I think 
we should hold in abeyance the acceptance ofa state- 
ment which Mr. Abbott makes that, “There is no alloy 
steel type which resists fatigue or shock better than any 
other.” After that committee is through we hope we 
will have some laws in reference to the matter of fatigue 
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and shock endurance. We also hope we will have de- 
veloped some apparatus which will assist us in deter- 
mining those qualities. Until then I would not care to 
accept that statement without some amplification or 
proof. It may be true. 

Mr. Abbott has also referred to the fact that the 
recalescence or critical temperatures of steel are a func- 
tion of composition and that they can be calculated from 
analysis. That is important as far as it goes, but it does 
not give the heat treater all the information he requires 
to know about the handling of any particular alloy. 
Some of them require to be heated with greater or less 
speed and at a greater or less degree beyond the par- 
ticular critical temperatures. We also know that the 
question of mass is very important in the consideration 
of the temperatures to be used in getting the best 
hardening results. 


At the close of Mr. Mathews’ discussion, Mr. John 
A. Topping took the chair. 


VicE-PrestIDENT Toprine: The next paper is on 
“The Blast Furnace Hearth,” by Walther Mathesius, - 
Superintendent of Blast Furnaces, Illinois Steel Com- 
pany, South Chicago, Ill. 


THE BLAST FURNACE HEARTH 


WALTHER MATHESIUS 
Superintendent, Blast Furnaces, Illinois Steel Company, South Chicago, Ill. 


On the theory of the blast furnace process and its 
chemical reactions our technical literature contains many 
able contributions, but little has been said for years 
about the scientific factors pertaining to furnace design. 
Perhaps the statement was made occasionally that a 
blast furnace must afford the opportunity for a uni- 
formly intimate contact between the iron-bearing ma- 
terials of the descending stock column and the furnace 
gases rising from the hearth. Just how this was to be 
accomplished, however, what specific features should be 
embodied in the furnace lines to attain this end, has so 
far been left almost entirely to the practical furnace 
man to find out. Thus, blast furnace design has to date 
been a rather exclusively empirical development. To 
the practical furnace operator belongs the credit for the 
accomplishments in this respect as obtained by depart- 
ing from the older standards, to which the engineer, as a 
rule, was wont to cling. 

However, with a number of examples in successful 
operation for a period of years, theory may now safely 
come to the front and demonstrate that its laws were 
violated in the past, or that the successful deveiopment 
is logical and correct, its accomplishment scientifically 
permissible. In this manner I shall attempt to show 
the development of larger furnace hearths to be a logical 
advancement of the art in its endeavor to design furnaces 
which will offer the least possible resistance to a rapid 
and uniformly regular descent of the stock, and which at 
the same time will permit the furnace gases to rise 
through this stock column with equally regular and uni- 
form velocity and distribution. 
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Going back in history we find that the earliest types 
of blast furnaces, used in charcoal practice with cold 
blast, were built with comparatively small hearths. On 
furnaces with 8 or 9 ft. bosh diameter they seldom ex- 
ceeded 8 ft. in width. It is apparent that the principal 
and probably only consideration determining the size of 
the hearth in those days was, to provide sufficient storage 
space below the melting zone for the liquid products of 
the operation, so as to enable their withdrawal at con- 
venient intervals. In view of the small output of these 
furnaces such hearth dimensions were apparently ample. 
Considering the slow rate of driving, the low blast pres- 
sures and small wind volumes used, the distance of the 
tuyeres from the furnace center and the resultant height 
and slope of bosh were evidently minor considerations. 
Thus, it may be stated that in these early days the hearth 
dimensions had little or no effect on the working of the 
furnace proper and, therefore, the design of the latter 
above the tuyeres was not influenced to any extent by 
the size of the hearth. 

Since then, and right up to our own days, the size 
of the blast furnace hearth has been very largely con- 
trolled by these same considerations of providing 
sufficient storage capacity for the molten iron and slag. 
With greatly increased productive capacity and faster 
driving on the one hand and steadily rising difficulties 
of raw materials on the other, the effect of small hearth 
diameters in conjunction with the resultant flat or high 
boshes on the working and economy of our furnaces be- 
came, however, more and more apparent. Yet tenden- 
cies toward radical departures from well-established 
standards were for years most effectively offset by the 
decided aversion of furnace-men, well founded on sad 
experiences with “hearth trouble” in the form of break- 
outs, to store in their furnaces more than the necessary 
quantities of molten materials. 

This conservative policy was strengthened through 
the quite popular assumption that gas distribution in 
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the stack could be controlled by maintaining the proper 
“blast penetration” in the hearth, and that this was 
largely a question of selecting the proper length and 
size of tuyeres. Such belief and the failure connected 
therewith, of recognizing the condition of raw materials 
in the furnace, dependent upon method of charging and 
furnace lines, as the principal factor governing gas dis- 
tribution, has only recently been dealt with by Mr. J. A. 
Mohr, in his paper presented before this Institute in 
May, 1919. It appears, therefore, to require no further 
discussion. 

Lastly there remained the theory that a bosh with 
sufficient bearing surface was needed to properly sup- 
port the stock column and to prevent the premature 
descent of the charges into the tuyere zone, thus avoid- 
ing compression and clogging there due to the weight 
to be carried. This supposition was, I think, definitely 
controverted by Mr. H. A. Brassert, in his paper read 
before this Institute in May, 1914, where he termed the 
furnace bosh of that day the chief impediment to a free 
travel of the stock. Since then it has been the basic idea 
governing the development of the large hearth, to de- 
sign, with its aid, a furnace bosh of such steepness and 
so short, as to avoid interference with the stock move- 
ment. 

Why the evolution of such designs was naturally and 
logically linked with the desire to use higher percentages 
of fine Mesaba ores may be readily understood on the 
basis of the following theoretical considerations: 

As long as the shrinkage of the stock volume taking 
place during its descent from, the top of the bosh to the 
tuyeres is such as to result in a contraction of the total 
bulk greater than the reduction of the furnace area pre-. 
scribed by the bosh angle between the two points men- 
tioned, we’ may assume that the furnace bosh does not 
impede the stock movement. 

Such shrinkage of the stock volume may be due to 
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one or two causes. The first of these, supposedly ex- 
istent in every blast furnace operation, is the gradual 
consumption above the tuyeres, of the coke through the 
oxygen of the blast and such metallic oxides as may 
still be unreduced at this point. This shrinkage will, of 
course, be greater with a higher coke rate and will begin 
at an earlier stage, which means a higher furnace level, 
the farther the melting zone extends upward above the 
tuyeres. A flat or high bosh may, therefore, be expected 
to interfere with the stock movement particularly on 
furnaces making low-silicon iron on a low coke rate. 
Attempts to use high blast heats, which, of course, would 
aim at a concentration of the melting zone, would no 
doubt aggravate matters under these conditions. 

The second cause of shrinkage of the stock volume 
in the bosh is the gradual melting of the ore and the 
formation of slag, which enables the liquid particles to 
make their way into the furnace hearth ahead of the 
burning coke. It may be readily seen that this shrink-— 
age can take place to an appreciable extent only in 
furnaces where all or a large part of the burden consists 
of lumpy material, which does not disintegrate in the 
furnace stack but retains its shape until it reaches the 
melting zone. Material of this character occupies, of 
course, a considerable part of the furnace volume and its 
melting in the bosh makes this volume available for other 
solid materials, especially coke. 

If, on the other hand, all or a large part of the 
burden consists of fine materials, the voids existing in 
the coke charge will offer sufficient volume to receive 
it, so that, as the stock column descends, the space oc- 
cupied by ore and coke is practically no greater than 
that of the coke charge alone. Consequently, the melt- 
ing of the ore in the bosh cannot bring about any shrink- 
age of the stock column. Now, modern Mesaba prac- 
tice, with high blast heats and low fuel rates, will be seen, 
from this purely mechanical point of view, to present all 
of the above mentioned conditions which tend to mini- 
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mize the shrinkage of the stock in the bosh and to retard 
its beginning. Thus, evidently, Mesaba practice, more 
than other operations, was in need of lower and steeper 
boshes, and practical experience has shown that their 
adoption has in every case resulted in improved quality 
of product, increased tonnage, lower fuel consumption, 
and better use of hot blast temperatures, as stated and 
proved by Mr. James G. West, in his paper read before 
this Institute in May, 1918. 

One of the incidental, yet not negligible, advantages 
of the larger hearth is its greater accessibility. With in- 
creased diameter, greater peripheral distances result for 
arranging feed and discharge pipes for cooling water, 
more working space is available around the tuyeres, 
blow stocks, and the columns, as well as between the iron 
and cinder runners near the furnace, so that, on the 
whole, the cast house work and also the mechanical main- 
tenance becomes easier and simpler. 

In order to illustrate the extent to which hearth 
dimensions have grown in recent years, I might mention 
that the average hearth diameter of all 22 ft. bosh fur- 
naces at the South Chicago plant of the Illinois Steel 
Company was increased from 16 ft. 6 in. in 1911 to 18 ft. 
6 in. in 1919, and that the best average monthly produc- 
tion of these same furnaces equalled 512 tons per furnace 
per day in December, 1911, as against 556 tons in May, 
_ 1920. For this increased output the adoption of larger 
hearths is primarily responsible, no enlargement of the 
furnaces or important changes of lines above the bosh 
having been made. During the same time our fuel 
conditions have developed no permanent improvement 
but have rather experienced a decided change for the 
worse. The fuel consumption per ton of iron for the 
two periods cited above was 2,053 pounds in December, 
1911, and 2,037 pounds in May, 1920. 

In this connection I wish to point out that with this 
development of hearth dimensions the old practice of 
comparing furnace performances on the basis of their 
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daily pig iron output per square foot of hearth area is 
no longer applicable. It will be readily understood that 
this method of calculating furnace ratings, while capable 
of furnishing reasonably equitable data where hearth 
sizes bore the same relation to furnace dimensions as a 
whole, must naturally cease to be of value, as soon as 
hearth diameters are increased beyond the customary 
proportion to other furnace measurements. 

So far this discussion has dealt with changes of 
hearth and bosh dimensions which did not contemplate 
or entail any changes in the upper, that is the stack part 
of the furnace. Lately, however, larger hearths have 
also enabled modifications of the stack lines, which were 
not practicable before, although their desirability had 
been felt for some time. Particularly for operations 
where soft, easily reduced ores are used which are known 
to have a tendency to swell under the influence of the 
reducing furnace gases, the suggestion had been made 
that the uniform descent of the stock might be facilitated 
by increasing the batter of the stack lining, thereby 
reducing any “jamming” tendencies as well as friction. 
One way to obtain this would seem to require merely 
a decrease in the diameter of the stock line. This, how- 
ever, did not appear to be permissible on modern fast- 
driven furnaces, using a large percentage of fine ores, 
since the gas velocity at the stock line, which, all other 
things being equal, must necessarily be determined by 
the available area, was known to be so high in many 
cases as to keep the surface of the charge in more or 
less constant agitation. Thus, the limit would be closely 
approached beyond which dust losses would rapidly 
grow to excessive proportions. The diameter of the 
bosh, on the other hand, appeared to be definitely con- 
trolled by the limits of hearth dimensions and bosh 
angles. The only means remaining, then, of obtaining 
at least a slight increase in the stack batter was to carry 
the straight stock line section down lower into the fur- 
nace and thereby reserve the relief offered by a greater 
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outward slope of the furnace walls for that part of the 
travel in which the swelling of the ore and, consequently, 
the friction was thought to be most prominent. 

With the removal of these assumed limitations of 
hearth dimensions the situation has changed. Hearth 
diameters of 20 feet and larger are in satisfactory opera- 
tion, and the opportunity is now here to increase the 
bosh diameter over the rather commonly accepted 22- 
foot standard without sacrificing anything in suitability 
of bosh angle or height. ‘The result to be expected from 
such designs should, of course, be a freer working of 
the furnace, that is, regular descent of the charges and, 
other conditions being equal, a lower blast pressure. 
Practical results appear to verify this theoretical analy- 
sis, since. for instance, No. 6 blast furnace at the South 
Works of the Illinois Steel Company, which was de- 
signed along such lines of reasoning, and has now been 
in operation for about two years, has consistently 
worked with a more regular and uniformly lower blast 
pressure than the other furnaces at this plant under 
comparative conditions. The principal dimensions of 
this furnace are given in Fig. 1, and data illustrating 
its performance are shown in Table A. . 

In order to afford a basis for comparison, the aver- 
age performance of all other South Works furnaces for 
the same period of time is given herewith in Table B. 
It should be noted that No. 6 furnace was operated for 
the entire period on practically 100 per cent Mesaba 
ores and that no scrap of any kind was charged. Be- 
yond this the data presented are believed to require 
no special comment, except to point out that the fuel 
consumption obtained was inferior to that of former 
years. ‘This is due exclusively to the inadequacy, irregu- 
larity and inferior quality of our fuel supply. The 
fuel question, however, besides having been dwelt upon 
of late on several occasions, is not believed to be of 
primary interest within the scope of this paper. 

Although the number of large furnace hearths 
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installed throughout the country has increased by leaps 
and bounds during recent years, some furnace-men are 
still maintaining a rather skeptical attitude and are 
occasionally voicing their objections with more or less 
substantial arguments. It may, therefore, be interest- 
ing to discuss here some of the points brought forth on 
the subject. - 

One of the most frequently heard assertions is that 
the large hearth furnaces must necessarily suffer from 
lack of penetration, and that this ailment can be alle- 
viated only by either considerably overblowing or by 
reducing the tuyere size to such small dimensions as to 
create a pronounced “jetting” action. 

Advocates of this theory are, in my opinion, laboring 
under a wrong assumption with regard to the actual 
pressure drop through the tuyeres of a blast furnace. 
Calculations based on authoritative tests concerning the 
flow of air through orifices show that under average 
conditions of Mesaba practice this pressure drop is less 
than 10 per cent of the total blast pressure, and this 
figure has been repeatedly verified by taking pressure 
readings on furnaces in operation. Since it is also a 
scientific fact that the energy of the air flow through 
an orifice—that is, its ability to overcome resistance, or 
to penetrate—varies directly as the difference in pressure 
before and after passing the orifice it will be readily seen 
that, other things being equal, a doubling of the pene- 
trating ability would require only a small increase in 
total blast pressure. However, practice on our largest 
hearth furnace in South Chicago has, I believe, con- 
clusively demonstrated that no such additional pene- 
trating energy is required. Based on an equal volume 
of wind blown, it was found best to use a slightly larger 
tuyere area than on other furnaces with smaller hearths. 
The only possible explanation for this seems to be that 
the materials are not packed as tightly in the large 
hearth and actually offer less resistance to the blast. 
The latter, therefore, with the same energy is able to 
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penetrate for a greater radial distance than was for- 
merly possible. Lit 
Another point which has been raised as indicating 
the fallacy of the large hearth design is the fact that 
on many large hearth furnaces the tuyeres, extending 
from 9 to 12 inches into the furnace proper, are longer 
than those in use at other plants. The assertion has 
even been made that the “jetting” action as discussed 
before, together with the long tuyeres, produces “phan- 
tom” boshes, the actual working lines of the furnace 
having a much flatter bosh angle and smaller hearth 
than those provided in the design. I feel justified, on 
the basis of our experience at South Chicago, to reply 
to these statements that we are able to use longer 
tuyeres to good advantage, and do so on furnaces with 
hearth diameters ranging from 17 feet 8 inches to 20 
feet 9 inches, on account of our steep and low boshes. 
Without these, shorter tuyeres would have to be used 
in an attempt to keep the bosh clean and prevent the 
formation of accumulations, the periodical building up 
and sliding off of which were formerly a source of con- 
tinuous trouble at many plants. How the use of such 
short tuyeres in numerous instances resulted in “work- > 
ing too close to the bosh,”’ cutting out the brickwork 
between the bosh cooling plates and leaving the latter 
sticking out into the furnace, is no doubt well known 
to many furnace-men. A bosh in this condition be- 
comes, of course, still harder to keep clean, as the erosion 
has produced a series of shelves which have justly been 
called “ideal lodging places for scaffold formations.” 
Troubles resulting therefrom have at times been charged 
to overcooling of the bosh and warning notes have been 
voiced against the disadvantages of this evil. While I 
fully believe that overcooling is disadvantageous, I do 
not think that a decrease in the number of bosh plates 
used and a corresponding increase in the size of the 
unprotected areas between such plates is the proper 
remedy. We are using, at South Chicago, a closer 
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spacing of bosh plates than is customary at many plants. 
With this construction we have eliminated to a large 
extent the above-mentioned shelf formation, due to 
erosion, as well as the evils of overcooling, simply by 
not “working too close to the bosh.” This we believe 
we have accomplished by the use of longer tuyeres. We 
have had the opportunity of late to inspect, during the 
repairing of several of our furnaces, the bosh linings 
after successful campaigns and blowing out on account 
of business conditions. The evidence as found came 
up to our expectations. It was clearly apparent that 
all the cooling plates had been completely coated during 
the operation of the furnace; erosion was practically 
absent, so that the interior of the bosh presented a uni- | 
formly smooth surface which could offer little or no 
resistance to the travel of the stock. The same inspec- 
tions have, in my opinion, also furnished ample proof 
that the “phantom boshes” and “automatically reduced 
hearth dimensions,” which have been theorized about, 
do not exist in our furnaces. 

It has further been asserted that with an increase 
in hearth diameter it would be necessary to add to the 
number of tuyeres in order to avoid too great a distance 
between the same, since this would lead to the formation 
of pilasters of inactive material and an undesirable 
reduction of hearth area. In reply to this I can only 
state that on four of our furnaces at South Chicago, 
where the distance between the centers of adjoining 
tuyeres, measured on the periphery of the hearth, was 
4 feet 734 inches, 4 feet 1134 inches, 5 feet 934 inches 
and 5 feet 105 inches, inspection after blowing out 
did not show any such formations. On our No. 6 fur- 
nace, where, with 20 feet 9 inches hearth diameter and 
ten tuyeres, the distance between tuyeres amounts to 
6 feet 614 inches, we do not expect to have an opportu- 
nity for inspection for some time to come. I feel, how- 
ever, Justified in stating that the operation of this fur- 
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nace does not reveal any indications of forming such 
accumulations between tuyeres. 

Another statement which has been made in litera- 
ture is that large hearths are not capable of maximum 
heat concentration, and that for this reason a poor 
quality of fuel would here be more likely to give serious 
trouble through building up in the bottom than would 
be the case with smaller hearth dimensions. For the 
same reason large hearths were said to be not as well 
suited for the manufacture of foundry iron and other 
high-silicon grades.. So far I have not been able to 
find a satisfactory explanation or theory as to how a 
small hearth favors maximum heat concentration, and 
am, therefore, unable to discuss. this question. 

As to the ability to operate under adverse conditions 
of raw materials, I feel that little can be added to the 
statements made in Mr. West’s paper and the discus- 
sions presented therewith before this Institute in May, 
1918, except to say that furnace operations since that 
time have only furnished additional proof of the asser- 
tions made on that occasion. The same is true regarding 
the question of manufacturing foundry iron, which at 
that time was fully covered by Mr. G. L. Collord. 

In summing up these arguments I do not intend 
to deny that conditions may exist in this country—and 
they are well known to predominate abroad—where in 
normal operation furnaces with high or flat boshes and 
small hearth dimensions work entirely satisfactorily 
and compare well in results with those accomplished in 
Mesaba practice by furnaces with larger hearths. The 
fact remains, however, that in a great number of in- 
stances, and under different conditions of raw mate- 
rials, practice and products, the larger hearth has been 
the means of obtaining improvements in output and 
economy which were not realized before. So far, I am 
not aware of any proven case where large hearths failed 
to produce results which could be obtained with smaller 
diameters. As long as such proof is not furnished, the 
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largé hearth may rightfully continue to claim its su- 
premacy. 

Concerning the constructive features involved in the 
design of large furnace hearths it may be said that few 
‘departures have been made so far from former stand- 
ards such as for years had given satisfactory service 
at our works. 

On the contrary, it should be emphasized that the 
enlargement has not imposed additional or increased 
stresses and duties, while in some respects the demands 
upon the strength and wearing qualities of the construc- 
tion have actually lessened. The volume for storing the 
molten iron and slag being larger, the maximum height 
to which these latter will rise above the low level pre- 
vailing at the end of the cast must for a given produc- 
tion necessarily be lower. ‘Thus, less pressure is exerted 
per square foot of bottom and hearth walls, and there 
is less danger of metal reaching the level of the cinder 
notch or of slag interfering with the combustion of 
coke at the tuyere level. Such advantages are distinctly 
to the credit of the large hearth, as they could not have 
been obtained by increasing the vertical distances be- 
tween the iron and cinder notches and the tuyere level. 
These dimensions must necessarily be kept below a well- 
defined maximum, otherwise the metal bath being re- 
moved too far from the zone of highest temperature 
becomes the cause of producing physically cold iron, 
which is the source of many evils and worries in steel 
works as well as in blast furnace practice. 

Having made provisions for storing larger quanti- 
ties of molten metal in the furnace, and having reduced 
the number of casts per day accordingly, it becomes 
naturally of utmost importance to leave nothing undone 
toward minimizing the danger of iron breakouts. ‘To 
obviate this most hated of all furnace troubles requires 
—aside from highest quality of building materials and 
first-class workmanship—uninterrupted, effective water 
cooling and ample mechanical strength. The latter 
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Fig.3—Old design for water-cooling hearth jacket segments 


plate is readily accessible for cleaning out, when re- 
quired, by simply taking out the pipe plugs provided 
for this purpose. Accumulations of solid matter, which, 
if permitted to remain, would interfere with the cooling 
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Fig. 4—Improved design for water-cooling hearth jacket segments 
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Fig. 5—Old design for bosh plates Fig. 6—Improved design for bosh 
plates 


older designs, where they permit of by-passing the 
water around the outside edge of the plate and of de- 
positing solid matter in the remaining passages in which 
the flow of water is decreased correspondingly. 

It should also be noted that in the new design the 
baffling of the plate is arranged parallel to, instead of 
at right angles to, the line of withdrawal from the brick- 
work. Furnace operators who, on account of adverse 
water conditions, encounter the necessity of frequent 
bosh plate changes, will appreciate this feature, as it 
effectively supports the arched surface and prevents 
indentations, which formerly interfered with the removal 
of the plates from the brickwork. 

In conclusion I take pleasure in pointing out that 
the successful development of the large hearth blast 
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furnace, unhampered, as far as I am aware, by any 
sacrifice of former advantages, is an exclusively Ameri- 
can accomplishment, which today is evoking the keenest 
interest of our competitors abroad. 

The results obtained so far justify the belief that 
permanent progress has been achieved to the lasting 
benefit of the American iron and steel industry. 


Vice-PreswENtT Toppine: Mr. Mathesius’ paper . 
will be discussed first by Mr. R. W. H. Atcherson, 
Superintendent of Blast Furnaces, Inland Steel Com- 
pany, Indiana Harbor, Ind. 


THE BLAST FURNACE HEARTH 


DISCUSSION BY R. W. H. ATCHERSON 


Superintendent, Blast Furnaces, Inland Steel Company, Indiana Harbor, Ind. 


Before commenting on Mr. Mathesius’ paper on 
blast furnace hearths I acknowledge that my own ex- 
perience has been gained in operating furnaces of from 
ten to eighteen feet in hearth diameter. For that rea- 
son I may not be so readily impressed with the eco- 
nomical operating advantages claimed for the 20-foot 
9-inch hearth, or so easily convinced of its merit as a 
medium for producing large tonnages. 

The so-called “lines” of the iron blast furnace have 
undergone many and varied changes from the original 
hole in the ground to those of the present modern blast 
furnace. The lines have been dictated either by man’s 
fancy or a conscientious attempt to revise in, what was 
thought to be, conformity to .physical changes in raw 
materials. I wonder if the lines of recent years do not 
contain just a tinge of fancy. I say this not altogether 
in a critical manner, but because the history of blast 
furnace practice is replete with records of good work, 
in some cases splendid work, that was credited to what 
in years of later development were considered poor 
“lines.” 

During these years of development of furnace lines 
the chief goal has naturally been tonnage’ and _ still 
more tonnage. In the effort to further this end each 
section of the interior of the blast furnace has come 
in for its share of thought and consideration. Tn some 
instances the changes were decidedly for the better. 
Naturally, some changes proved a disadvantage, and 
the value of still others proved to be of doubtful quality. 
In this last category I would place the large diameter 
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hearth when considered as the prime factor for obtaining 
larger production. 

The large hearth is of importance but only because 
of its correlative position to the bosh. In other words, 
the hearth diameter must necessarily help to determine 
the bosh diameter and, coincidently, the desired bosh 
angle. So that, after all, the hearth diameter may be 
considered as simply a necessary adjunct. 

The statement has been made repeatedly that the 
output of a blast furnace is only limited by the amount 
of coke that can be burned. Is this a true statement 
on the face of it? Rather, is not the limit of capacity 
dependent upon the physical limits and chemical reac- 
tions in the zone of fusion? The metallurgy of the iron 
blast furnace is purely a smelting operation, wherein 
the raw iron-bearing oxides that were introduced into 
the top of the furnace have been gradually reduced by 
the solvent action of the ascending gases, primarily 
generated in the zone of combustion, until the zone of 
fusion is reached. There the final reduction has been 
completed, resulting in the formation of the molten 
metal and the fluid slag. It is there that our iron is 
produced, and most certainly the zone of fusion is a 
part of the bosh and not a part of the hearth, whose 
principal function is to contain the metal after it has 
been produced. If we admit this fact, why look to 
the larger hearth as the solution for larger output? Is 
not the bosh the real means to the desired end? If it 
is, and we firmly believe that it is, then our efforts 
should be toward bringing a maximum area of reduced 
stock into contact with an equally large area of gas 
in the zone of fusion. In other words, the large bosh 
diameter, and not the large hearth diameter, is the real 
criterion of the output. 

There are, however, a number of factors that have 
a distinct bearing upon the action in the zone of fusion; 
from a physical standpoint the combustibility of the 
coke, volume of air blown, blast temperature, retention 
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of the stock in the furnace and the viscosity of the slag; 
while, from a chemical standpoint, we must consider the 
basicity of the slag and the CO content of the gas. 
These reactions are taken for granted to be such as 
would obtain in the average normally operating blast 
furnace and their effect, therefore, does not require 
special consideration in this case. 

The one remaining factor upon which the full effec- 
tiveness of the bosh area is absolutely dependent we 
consider to be the bosh angle. As Mr. Mathesius ex- 
plains, this should be steep enough (there would be no 
advantage in going beyond the required steepness) to. 
accommodate, without incurring lateral. compression 
upon the sides of the bosh, the gradually lessening vol- 
ume of the descending coke as it travels through the 
zone of combustion toward the tuyeres. For this reason 
I believe that the steep bosh need not necessarily be 
a low bosh; while, on the other hand, a flat bosh should 
essentially be a high one to provide extended time for 
the reduction of the coke volume. With a furnace 
operating normally on a coke of proper combustibility, 
so much of the combustion takes place in the lower part 
of the bosh that the coke at the tuyeres is very active 
and rather small in size. But with dense, hard coke 
the action at the tuyeres practically stops and the size 
of the coke is reduced so slightly in its descent through 
the bosh that I am inclined to think it would be a mis- 
take to shorten the bosh where the coke varies physically. 

I believe that the trouble many of us have experi- 
enced in “overblowing” furnaces is chiefly due to driving 
the fusion so far above its normal height in relation 
to the tuyeres that the required temperatures cannot 
be maintained for fusing the ore and forming the slag. 
The real value in supplying a temperature higher than 
that required for the eutectic point of a slag of any 
composition lies in the fact that it furnishes the requisite 
amount of heat units to keep the slag in a free running 
condition throughout its melting range. The slag in 
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this condition is then readily permeable to the ascending 
current of gases, thereby permitting the rapid combus- 
tion of the coke at the tuyeres with its resultant lower 
blast pressure and, therefore, more regular furnace 
operation. 

In support of the contention that the hearth area 
is only a concomitant circumstance in blast furnace pro- 
duction I offer in comparison to the 20-foot 9-inch 
hearth the ore that was smelted per hour per square 
foot of both hearth and bosh areas on several furnaces 
of considerably smaller hearth diameters. Mr. Mathe- 
sius has warned us with good reason not to expect the 
increase in furnace capacity to be proportional to the 
increase in hearth area. In proportion to the Bellaire 
No. 2, South No. 6 would be called on to average 1,218 
tons of iron per day and 101,000 cubic feet of blast 
would be consumed per minute. . 

We feel that the furnaces show a very natural com- 
parison in the amount of iron-bearing oxides smelted 
per hour per square foot of bosh area, especially if we 
consider how much of an advantage it would be, under 
our own operating conditions at least, to increase the 
bosh angles on the English and Bellaire furnaces to 
around 80°. 

Because of the limited time allotted for discussion 
of the major papers I refrain from commenting upon 
a number of other debatable points brought: out in Mr. 
Mathesius’ interesting paper. He tells us to what 
extent the larger hearths have increased the capacity 
of his blast furnaces. It is my own opinion that the 
furnaces he is now building with 19-foot 3-inch hearths 
and 23-foot 6-inch boshes will equal the performance 
of his No. 6 furnace, and that he will not gain the full 
benefit of a 20-foot 9-inch hearth unless he combines 
with it a bosh of 25-foot diameter. Under our present 
operating conditions it is difficult to estimate what the 
practical area limit would be for an 80° bosh. I do 
not believe there is any advantage in reducing the 
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height of the bosh slope below 15 feet 6 inches above 
the tuyere center line, but I would not raise the bottom 
of the stack batter much higher than 23 feet above 
tuyere centers. Mr. Mathesius deserves great credit 
for his daring hearth enlargements, and if our blast 
furnaces are to be based on their capacity for smelting 
ore, he now has a still greater opportunity by demon- 
strating that it is feasible to substantially increase our 
standards for bosh areas. 


Vicre-PRESIDENT ToppinG: We will now have a fur- 
ther discussion of Mr. Mathesius’ paper by Mr. W. H. 
Geesman, Superintendent of Blast Furnaces, Lacka- 
wanna Steel Company, Buffalo, N. Y. 


THE BLAST FURNACE HEARTH 


DISCUSSION BY W. H. GEESMAN 
Superintendent, Blast Furnaces, Lackawanna Steel Company, Buffalo, N. Y. 


In taking up the discussion of Mr. Mathesius’ most 
interesting paper, the writer will treat the subject in 
a general way. In the early history of blast furnace 
operation, and to a certain degree at the present time, 
the hearth was considered the receptacle of all materials 
charged into the top of the furnace, and the size was 
only calculated to hold the iron and the slag. In recent 
years, along with the wonderful progress made in opera- 
tion as well as in construction, the hearth necessarily 
had to be given thought, and was probably at first in- 
creased in size only to take care of the greater amount 
of slag and iron to be handled, due to the building of 
larger furnaces, increased blast pressure, larger volume 
of wind, ete. In the early part of this period operators 
began to realize that something had to be done in the 
way of building hearth construction to take care of 
the increased mass of slag and iron and also the increased 
pressure, and to guard against furnace “break-outs,”’ 
which caused a great loss of time and tonnage as well 
as destruction of property. At the present time there 
are several good designs of hearth construction, all, 
of course, tending to the same points—strength, water- 
cooling and accessibility. Different details have been 
worked out by various operators and engineers to meet 
different conditions and troubles. Some furnace opera- 
tors no doubt remember that in the early days of the 
new hearth designs there were “break-outs” which were 
corrected by extending the cooling plates or cooling 
system deeper in the bottom blocks or brick, as may 
have been used; and in modern construction ‘“break- 
outs” or hearth trouble have practically been eliminated. 
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Some furnace operators have employed the method of 
using solid concrete from hearth jacket out to furnace 
columns, and I believe this to be very good, as it elimi- 
nates all laminations for iron to follow. 

The large hearth construction has very much simpli- 
fied the operation around the bottom of the furnace by 
making more available space, and the design has done 
away with all exposed feed and discharge pipes for 
cooling purposes. 

The co-ordination of the general blast furnace or- 
ganization has less bearing on the hearth than any other 
particular part and it reverts to a problem for the opera- 
tors and engineers. In recent years progress in develop- 
ing new bosh angles and bosh heights have necessarily 
called for new hearth dimensions. Furnace capacity 
has steadily been increased, even though the ores are 
becoming lower in iron units from year to year and, 
in fact, all raw materials have depreciated both in chem- 
ical and physical quality, probably due to the call for 
increased tonnage. In the last several years of furnace 
building, hearth diameters have ranged from 16 feet 
6 inches to 20 feet, and very good work has resulted 
from various sizes within this range. I believe that 
in the very near future furnace capacity will be reckoned 
from the dimension of the hearth, and that the bosh 
and stack will be built in accordance, still bearing in 
mind and adhering to the modern furnace lines, which 
have certainly been a revelation to the furnace world, 
both as regards descending stock and outgoing gases. 
In fact, with our present up-to-date furnace lines, diam- 
eters of the bosh and stock line are both limited by 
hearth dimensions and bosh angles. With our hearth 
and bosh diameters increasing, naturally a great deal 
of thought must be given to the question of volume of 
wind which, in turn, must be backed up with blowing 
equipment; also to the number of tuyeres and their size; 
or, in other words, tuyere area. A great deal has evi- 
dently been developed in this direction, as we have seen 
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furnaces changed from twelve to sixteen and even 
twenty tuyeres and then come back to twelve and ten 
tuyeres. | . 

During the last six months I have operated an eight- 
tuyere furnace for the Lackawanna Steel Company 
and have paid particular attention to the method of 
filling, distribution of stock and distribution of blast. 
The furnace has a double skip and a McKee rotating 
top. The gas is taken off at two places directly oppo- 
site each other. Height of the stack is 94 feet, bosh 
is 21 feet 6 inches, with a bosh angle of 81 degrees and 
40 minutes, and an 18-foot hearth of very good con- 
struction. This furnace was originally built with six- 
teen tuyeres. It was thought later on that better results 
could be obtained and it was deemed advisable to cut 
down the number of tuyeres. On account of the stack 
being supported by eight columns, it was impractical 
to use more than eight tuyeres. Figuring on the inner 
circumference, the distance between the centers of ad- 
joining coolers is 7 feet. Tuyeres 8 inches in diameter 
are used, which gives practically the same area as ten 
7-inch tuyeres, or twelve 6-inch tuyeres. 

In conclusion I want to say that the product of this 
furnace is very consistent and uniform, and I believe, 
along with other examples in successful operation, has 
demonstrated that a large hearth is practical without 
increasing the number of tuyeres in order to get proper 
distribution or penetration of the blast, which seems to 
have been a problem confronting a great many in the 
iron industry. 


Professor J. W. Richards, Lehigh University, 
Bethlehem, Pa., who was unable to attend the meeting, 
presented the following discussion in writing. 


THE BLAST FURNACE HEARTH 


DISCUSSION BY JOSEPH W. RICHARDS 
Professor of Metallurgy, Lehigh University, Bethlehem, Pa. 


Mr. Mathesius has given a very clear analysis of the 
reasons why the blast furnace with large diameter 
hearth and short steep bosh works so well. The results 
of many months’ running prove beyond doubt that it 
does work very well. 

The explanation of why fine ores need a steeper 
angle of bosh is very original and quite convincing; its 
simplicity makes us wonder why it was not thought of 
before. It is now quite evident that the fine ores, filling 
in the interstices between the coke, melt away in the bosh 
zone and leave a larger body of charge behind than if 
the ore were in lumps before melting. Therefore the 
contraction is less, and the bosh angle should be cor- 
respondingly steeper. Should not the same argument 
apply to the limestone? If the latter is also put in 
small, it will modify the angle of bosh in the same man- 
ner. In fact, if both ore and stone are fine, there would 
theoretically be no bosh at all needed. The theory is 
indeed illuminating. 

Mr. Mathesius’ explanation of the penetrating 
power of the blast is not so clear or convincing, par- 
ticularly the statement that “other things being equal, a 
doubling of the penetrating ability would require only 
a small increase in total blast pressure.” To double the 
penetration would require at least double the air 
velocity, and this would require four times the pressure. 
I think that a comparison of the blast pressures used on 
furnaces of widely different hearth diameters will bear 
out this criticism. 

We must not lose sight also of the fact that with 
tuyeres projecting 9 inches into the furnace hearth, the 
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diameter for blast penetrating purposes is reduced by 
18 inches. Further, the injector effect of tuyeres thus 
projecting is undoubtedly to gather furnace gases from 
all around the tuyere, above, below, to right, to left, and 
behind it, and produce a very vigorous eddying circula- 
tion of furnace gases, which will melt the stock between 
the tuyeres and promote even distribution of heat in the 
hearth. 

Mr. Mathesius can find no satisfactory explanation 
of how a small hearth favors maximum heat concentra- 
tion.. I think the explanation is that smaller furnaces 
are run relatively faster than the larger ones. If the 
hearth diameter is increased 10 per cent, giving 10 per 
cent more outside surface to lose heat to the air and 20 
per cent more area to lose heat to the ground, the air 
“supply should be increased between 10 and 20 per cent 
to reach the same temperature; yet Furnace No. 6 re- 
ceived only 614 per cent more air than the smaller fur- 
naces, and therefore made only 1.03 per cent silicon in 
its product as against the. smaller furnaces 1.85 per cent. . 


VicE-PRrEsIDENT. Topprne: Gentlemen, this sagen 
the exercises of the afternoon. Before we adjourn I 
want to thank the various contributors for their several 
papers. and the. discussions théreon, in behalf ‘of the 
Committee on Arrangements. 


“THE BLAST FURNACE HEARTH 
REPLY TO PROF. J. W. RICHARDS’ DISCUSSION 
By WALTER MATHESIUS 


Professor Richards deduces from my theory regard- 
ing the effect of physically fine ores on the contraction 
of the charge in the bosh, that no bosh at all would be 
needed if the limestone, too, were charged in so small a 
size as to permit of its merely filling in the interstices 
between the coke pieces. I desire to call attention to the 
fact that even if this be done, there would still remain 
the shrinkage of the stock volume which is due to the 
, gradual consumption above the tuyeres of the coke 
through combustion with the oxygen of the blast or 
through reaction with metallic oxides. Discussing the 
most suitable bosh angle from this point of view, I there- 
fore beg to disagree with Professor Richards’ statement 
that with small size limestone no bosh at all would be in 
order. I prefer to quote from Mr. R. W. Atcherson’s 
discussion and agree that “the bosh should be steep 
enough (there would be no advantage in going beyond 
the required steepness) to accommodate, without incur- 
ring lateral compression upon the sides of the bosh, the 
gradually lessening volume of the descending coke as it 
travels through the zone of combustion toward the 
tuyeres.” In this connection I may state that entirely 
aside from the question of furnace lines, there are a 
number of weighty and well diagnosed metallurgical 
reasons as to why small size limestone cannot be used 
to advantage in our blast furnaces of today. 

Professor Richards questions my statement that 
“other things being equal, a doubling of the penetrating 
ability would require only a small increase in total blast 
pressure.” He states that “to double the penetration 
would require at least double the air velocity, and this 
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would require four times the pressure.” This statement 
I believe to be incorrect. 

“Penetration” is universally understood to mean 
“ability of the blast to overcome resistance in its line of 
action” or “kinetic energy” of the blast, as expressed by 
the formula = v’, where “m”’ is the mass accelerated to 
the velocity “v.” As may be readily seen from this 
formula, the “penetration” varies as the square of the 
velocity and, therefore, Professor Richards’ assertion 
that “to double the penetration would require at least 
double the air velocity” is not correct. 

Furthermore, I beg to call attention to the authori- 
tative formulas, as established concerning the flow of air 
through orifices by Fliegener, Zeuner and Weisbach, 
and regarding which I take pleasure in referring here 
to Mr. J. E. Johnson’s “The Principles, Operation and 
Products of the Blast Furnace,” page 100, ete. The 
formula as given there, reads as follows: 


W=63.6 A (Eee ee 


W being the weight in pounds of air passing the orifice 
per minute, A the area of the orifice, P: the absolute 
pressure ahead of, P: the absolute pressure after the 
orifice and T; the absolute temperature. It is imme- 
diately apparent from this formula, that the weight of 
air passing the orifice at a fixed temperature and there- 
fore its velocity is proportional to the square root of the 
pressure difference, or that, in other words, the pressure 
drop through the tuyeres varies as the square of the 
blast velocity. Combining this result with the previous 
finding, as given above, that the “penetration” varies 
as the square of the velocity, I believe that I am correct 
in concluding that the penetration varies directly as the 
pressure drop through the tuyeres. 

To further substantiate my statement, “that a 
doubling of the penetrating ability would require only a 
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small increase in total blast pressure,” I quote from Mr. 
J. E. Johnson’s aforementioned book the following 
approximate formula, as developed by him from the 
Fliegener, Zeuner and Weisbach data for more con- 
venient, practical blast furnace calculations: 


(T: Xv’) 
(PiXd*) 


where v is the volume of blast (free air) passing each 
tuyere per minute, measured in thousands of cubic feet, 
and d is the diameter of the tuyere in inches. 

Using this formula, it will be seen that for a furnace 
blown with 40,000 cu. ft. of air per minute at 15.2 
pounds pressure and 1000° F’. blast temperature through 
twelve 6-inch tuyeres, the drop of pressure through the 
tuyeres (P:—P.) is: 


P,—Pp s—2 : A 


1000 plus 460 (3.3)° 
se aTED plus 14.7 aS 6* reels 


Combining this result with my previous statement, as 
given above, that the “penetration” varies directly as the 
pressure drop through the tuyeres, it is readily apparent 
that in the above example a doubling of the penetration 
would be obtained in practice, with 1.4 times the original 
air velocity, by reducing the tuyere diameter from 6” to 
5’. The wind volume and the resistance of the stock 
column to the blast remaining the same, this would result 
in an increase in total blast pressure of from 15.2 to 16.2 
pounds. 

Professor Richards suggests that a comparison of 
_ the blast pressures used on furnaces of widely different 
hearth diameters would bear out his criticism. I should 
welcome such a comparison, as I am well satisfied that, 
providing all other conditions are the same, it will bear 
out just the opposite. | 

Professor Richards further suggests that increasing 
the hearth diameter 10 per cent would raise the radiation 
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losses of the furnace to the extent of 10 to 20 per cent; 
this then he concludes would require between 10 and 20 
per cent more air supply in order to reach the same 
temperature. 

Without going into the question whether or not the 
larger hearth design necessarily entails greater radiation 
losses, it should be kept in mind that the total radiation 
losses of our modern furnaces are well below 10 per 
cent of the total heat developed. Therefore, even if the 
entire radiation loss (not only of the hearth, but of the 
bosh and stack as well) was increased 20 per cent, and 
following Professor Richards’ suggestion that the total 
heat developed in the furnace is proportional to the 
amount of air blown, it would require an increase of less 
than 2 per cent in the air supply to reach the same tem- 
perature as before. In conclusion I would state that in 
my opinion the hearth temperature of a blast furnace 
under comparative conditions of raw materials, and with 
equal analyses as well as quantities of slag, is determined 
exclusively by the pig iron specifications, and among 
these primarily by the desired silicon content. Thus, the 
fact that the iron made on our No. 6 blast furnace 
analyzed only 1.03 per cent silicon is readily explained 
by stating that this furnace produced basic iron with a 
Maximum silicon specification of 1.25 per cent, while the 
product of the other furnaces, averaging 1.35 per cent 


silicon, included a large tonnage of bessemer pig iron 
with higher silicon content. 


DINNER OF THE AMERICAN IRON AND STEEL INSTITUTE IN THE GRAND BALLROOM OF THE COMMODORE, 


NEW YORK, OCTOBER 22, 1920 


EVENING SESSION 


The evening session of the Institute was held in the 
grand ballroom of ‘the Commodore. After dinner, 
President Gary called the meeting to order. 


JupcE Gary: Ladies and gentlemen: This is an 
inspiring sight. 

The American Iron and Steel Institute, at least, is | 
prosperous. We are growing in numbers and have con- 
siderable money in the treasury, and we are going to 
keep it until we have reason to spend it legitimately. 
Our board of directors is not inclined to waste money or 
time. The members of this board are paying close 
attention to the affairs of the Institute and are doing 
what they can to serve its members. 

It is very gratifying to have such a large attendance, 
the greatest in the history of the Institute. What we 
shall do for room in the future we do not know, but if 
nothing else can be done, perhaps Mr. Schwab and Mr. 
King will put up a new building for us. 

We have a program for the evening which is very 
short, but I think it will be just long enough. Before 
we take that up I am going to ask you, without rising, 
in order to prevent confusion, to take your glasses of 
water and drink to America. 

(The toast was drunk.) 

Mr. Farrell, who has usually served as chairman of 
our entertainment committee, is somewhat under the 
weather, and therefore prevented from being here on 
this occasion. He called me on the ’phone to say that it 
was a very great hardship to himself, but he would like 
to extend his best wishes to all the members of the 
Institute and to express his regret because of his inability 
to be present. I ask you, without rising, to drink to the 
speedy recovery and the long life of Mr. Farrell. 


(Done. ) 
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It was my pleasure this morning to refer to one of 
the ablest, most successful and gallant of all soldiers; 
and when I mentioned to you the name of General 
Pershing you acclaimed him and applauded. I think 
the General would have been here this evening to speak 
to you and to shake hands with you except for a tem- 
porary illness which confines him to his room and bed. 
He wishes to have his best regards given to all of you. I 
ask you to drink to the long life and health and happi- 
ness of General Pershing. (Done.) 

(A similar toast was drunk to the restored health and 
happiness of Mr. Joseph G. Butler, Jr., who at present 
is confined to his home in Youngstown as a result of an 
automobile accident. ) 

Possibly some of you are not aware of the fact that 
the better part of humanity is complimenting us this 
evening by attending our performance and occupying 
the galleries. I would not know where to go to find a 
gentleman here who does not know of the fact; and I 
ask you, gentlemen, to drink to the ladies. (Done.) 

You remember that at our day meeting last spring 
we had the very great pleasure of listening to an address 
of Mr. George Otis Smith, Director, United States 
Geological Survey, Washington, D. C. This evening 
he again honors us by his presence and will now speak 
to you on “Thrift in Coal.” It is my pleasure to in- 
troduce Mr. Smith. 


Mr. Smiru: Mr. President, ladies and gentlemen: 
Your president almost took my speech away from me 
when he referred to the thrift of your board of directors. 
I wondered whether it was proper for me to preach a 
sermon on that text in view of the thrift already pos- 
sessed. 

My informal remarks have been prepared, however, 
on the subject of “Thrift in Coal.” 


THRIFT IN COAL 


GEORGE OTIS SMITH 
Director, United States Geological Survey, Washington, D. C. 


Even the optimist needs to keep books. America’s 
leadership in production and her unparalleled position 
in wealth of raw materials do not obviate the necessity 
that she should occasionally take account of stock; on 
the contrary, the very variety and abundance of our 
natural resources make a careful inventory more essen- 
tial to a business-like administration of our estate than 
if the United States were a smaller country, with only 
a few resources in moderate quantity. With nations, as 
with men, wealth is no excuse for waste, and thrift 
should be regarded as a national as well as a personal 
virtue. 

Coal is the shortest word we have to express indus- 
trial power and domestic comfort. Even the rumor of 
a coal shortage simply demonstrates that this fuel is in 
reality the staff of life to the industrial world, and the 
temporary stoppage of any of the large sources of sup- 
ply threatens a nation-wide crisis. Shut down our coal 
mines and the country becomes not only cold but idle 
and hungry. 

The figures of our total coal resources, millions of 
millions of tons, or even the few hundred million tons of 
our annual output, are too large to be grasped, and it 
becomes necessary to express the facts in smaller quan- 
tities. Roughly speaking, 1,000 tons of coal is what a 
mine worker mines in a year—the measure of what he 
contributes to the world’s work and well-being. This 
human measure of 1,000 tons also has the advantage of 
being easily visualized as a short train load (20 cars) 
of coal on its way to serve the varied needs of the con- 
sumer, and in our brief review of the subject we may 
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well first note what are these needs—the principal uses 
of coal, among which this unit of 1,000 tons is divided 
(see Fig. 1). Broadly stated, the largest use of coal is 
in furnishing motive power and heat for our industries 
and public utilities, 350 tons out of every 1,000 tons 
mined going to the boiler house of the factory, mill, shop, 
or power plant. But next to these 7 carloads of coal 
distributed throughout the country are 5 cars, or 250 
tons of coal, which the railroads need for their own use. 
The domestic demand for coal comes next, 165 tons out 
of each 1,000 tons of anthracite and bituminous coal 
being used in the homes of the land for heating and 
cooking. ‘The coke ovens require nearly as much as the 
homes, or 180 tons; and the rest of our miner’s con- 
tribution includes the coal for export and bunker use, 
60 tons; the 35 tons of coal used in operating the coal 


-Gas works 
/0 tons 


/30 tons 


Industries 
350 tons 


Domestic heating 
and cooking 


/65 tons 


Railroads 
250 tons 


FIG. 1—WHAT BECOMES OF OUR COAL—DISPOSITION OF THE MINER’S YEARLY 
OUTPUT. 
_ The average yearly output per man employed underground in America 
is about 1,000 net tons. The diagram shows the uses to which the 1,000 tons 
are put, including both anthracite and bituminous coal. 7 * 
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mines themselves, which, of course, does not make up a 
part of our train load; and the 10 tons that goes to the 
gas works. 

Even in the simple analysis of the uses of coal it. 
would be difficult to establish any rigid scheme of priori- 
ties; we absolutely need coal for each of these uses, and 
this nation-wide dependence upon coal is so evident as to 
demand general attention to the subject of thrift in 
coal. Every citizen should do his part in making the 
best use of coal, but the responsibility of leadership in 
economy may with justice be placed upon the larger 
users—a priority of duty that I believe will appeal to 
your sense of fitness. 

The steel industry required in 1918 about 100,000,000 
tons of coal, slightly more than two-thirds of it in the 
form of coke. So in its dependence upon coal your in- 
dustry stands next to the railroads. At the bottom of 
the list of uses of coal, stated quantitatively, is black- 
smithing: the annual requirement of blacksmithing 
coal is less than a million tons. Contrast with the great 
steel plant, which consumes its 4 million tons of coal 
each year, the village smithy, which uses 50 pounds a 
day—and the question arises, Where is it of greater na- 
tional concern that we begin to practice thrift in coal, 
at the little shop or at the big steel works? During the 
war the patriotic effort was made to save wheat and 
sugar in every home, however humble, and the aggregate 
results of such nation-wide thrift were most gratifying; 
yet with coal a different policy of initiating thrift seems 
warranted—the great industrial establishment or the. 
superpower plant rather than the home is the place 
where saving will accomplish most. 

Weare on the threshold of fuel economy. Unprece- 
dented high prices for coal have summoned American 
genius to the task of getting the full value out of the 
half billion tons of bituminous coal we burn each year; 
indeed, we have been too long content simply to burn 
coal rather than to use it. With coal at a dollar a ton 
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the consumer was the profiteer, and profiteer-like he 
thought it paid him to disregard any claims except those 
of his own immediate gain. Now the higher prices have 
opened our eyes to higher values in coal, and we begin 
to see the possibilities of profit in avoiding waste both in 
the mine and in the boiler room. We do not have to 
recognize the claims of posterity for coal conservation, 
for we can see money in it for our own generation—to 
mine the coal that we have been leaving underground, 
to utilize every possible heat unit in what we burn, and 
especially to recover everything of value that the coal 
contains. 

As the largest user of coal, next to the railroads, 
your steel industry can most appropriately lead off in 
defining. this issue and meeting it in a way worthy of 
American engineering. ‘The scale on which your in- 
dustry operates makes your possible contribution in coal 
economy: a large one, and your experience in stopping 
leaks and in turning losses into profits simply justifies 
the nation in putting the question to you: Is the Amer- 
ican Iron and Steel Institute, with its splendid equip- 
ment of engineering and financial talent, as well as its 
unparalleled command of capital, doing all it can with 
the 100 million tons of coal it receives each year? 

When we indorse Mr. Hoover’s characterization of 
the bituminous coal industry as “the worst functioning 
industry in the country,” it is with no spirit of unfriendly 
criticism. The simple fact must be faced that the story 
of coal is a story of waste, all the way from the face 
of the mine working to the smokestacks of the boiler 
plant—waste of a natural resource, waste of human en- 
deavor, waste of capital, waste of transportation 
capacity, and waste of energy—and of none of these 
have we enough, much less any to spare. 

It is customary to express our coal resources in 
terms of tons in the ground, but how inflated such an 
inventory becomes when we realize that of: the ton of. 
coal “in place,” where nature stored it for the use of 
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man, the amount converted into mechanical energy 
under the average practice of today is only 76 pounds! 
The accompanying diagram (Fig. 2) exhibits the dis- 
tribution of the losses thus indicated, in the responsibility 
for which mining engineer, mechanical engineer, and 
consumer must all’share. This general indictment of 
“average practice” makes the question of thrift in coal 
a national rather than an individual problem. 

The proportion of coal we leave underground is a 
sad commentary on our appreciation of the value of coal, 
and the margin between high recovery, which may be 
stated at 95 per cent, and the average recovery of 70 per 
cent or less shows to what extent we are still wasting our 
coal at one place alone and where the world does not see 
the waste. By increasing the average output of the 
mine worker, we have made a gain of 50 per cent in the 
last three decades, so that we are saving man power if 
not coal. 

Not only is coal wasted in the mining, for no sooner 
does a ton reach the surface than 44 pounds of it is taken 
as toll for running the mine—indeed, in the anthracite 
mines, where often more water is raised than coal, the 
combined pumping, hoisting and breaker operating cost 
expressed in coal has been stated as high as 200 pounds 
to the ton. But electrification of coal mines is gradually 
coming, with gratifying results in efficiency of operation 
and economy of fuel. In the mines of Logan County, 
W. Va., the saving in coal effected by supplying power 
from a central station has been estimated at 50 to 75 per 
cent, and the experience of the Lehigh Coal and Naviga- 
tion Company at its Rahn colliery is no less satisfactory. 
A hoisting test by this company showed that in steam 
practice the “stand-by” consumption of coal was nearly 
equal to that of the working hours. It is wholly con- 
servative to figure that 50 per cent of the coal now used 
in mine operation can be saved by simply extending elec- 
trification from central stations, even though this carry- 
ing of power to the mine mouth might seem illogical. 


476 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


Pounds 


600 Lost in mining, 


31 Consumed in mining coal 
82 Consumed in transporting coal 
AS Lost en route to boiler room 
446 Lost in gases going Lost 
‘up the stack ~ fo 
firing 
5) Lost by radiation 
Sil Lost in ash pit. 
Unavailable and ° 
lost in converting Converted: 
ie heat energy into into heat 
mechanical energy 
energy 
76 i Converted into me- 
— chanical energy 
2,000 


FIG, 2.— EIGHT LOSSES IN COAL UTILIZATION, 


Under ordinary conditions of mining and firing out of every 2,000 pounds 
of steam coal in place in the mine, only about 76 pounds are converted into 
mechanical energy. The other 1,924 pounds are either unavailable or are 
absorbed by the eight losses shown in the diagram. 

This means a recovery as power—the ultimate objective—of only 4 per 
cent of the resource, assuming steady operation. In the case of the average- 
sized steam plant (200 horsepower) and allowing for further loss due to 
bad. load factor as is done in Fig. 3, the recovery as power is only about 2 
per cent. Data largely furnished by the Bureau of Mines, 
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The consumer cannot evade his share of responsi- 
bility, because of the 1,274 pounds of coal delivered at 
his boiler plant 548 pounds was lost in firing: he had 
been buying B.T.U. simply to throw away 40 per 
cent. Mr. Edwin Ludlow relates his observations at a 
large plant, where pride was taken in the fact that only 
the highest-grade coal was used, a standard of 15,000 
B.T.U. being insisted on, but Mr. Ludlow called the 
attention of the company’s executive officer to his boiler- 
room leaks, his steam results showing that he was ob- 
taining only 11,000 B.T.U. from this high-grade coal. 
That coal user needed expert firemen more than 
chemists—better practice rather than more theory. 

Another measure of coal waste in the generation of 
power, even where the conditions promoting efficiency 
are much more favorable, is afforded by the records of 
the public-utility plants of Massachusetts. During the 
month of June last the average coal consumption in all 
these plants was 2.29 pounds per kilowatt-hour, but at 
the largest plant of the largest company the average was 
1.80 pounds—a saving in coal of more than 20 per cent, 
representing the difference between best practice and 
average practice. 

How to save coal on a country-wide scale is the ques- 
‘tion. Mr. O. P. Hood, of the Bureau of Mines, has 
made the point that in a boiler plant construction, opera- 
tion and fuel are to a certain extent interchangeable. 
Skilful planning and careful operation can take the 
place of part.of the coal; and on the other hand cheap 
coal has made. possible careless firing of poorly con- 
structed boilers without the wastefulness of the whole 
procedure being apparent on the books. Waste that can 
be seen only as a theoretical proposition does not appeal 
with the same force as waste that writes itself in red 
figures; and now that coal is no longer as cheap as dirt 
but has taken on the dignity that comes with high prices 
we naturally begin to think of careful use. Just as we 
learned with foodstuffs during the war, we are learning 


478 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


now that the higher value must be both given to coal and 
won from it. Thus the opportunity has arrived for the 
fuel engineer to teach us thrift in coal. 

With all the marvelous record of industrial progress 
in the United States, we have good reason to ask our- 
selves if our knowledge is not far ahead of our practice. 
As a matter of plain fact, to make great advances in coal 
saving it is not necessary to adopt untried theories in 
winning large values from the coal we use: the first step 
is simply to lift average practice up to the level of the 
best practice. Even if the law of the survival of the 
fittest, under the present somewhat humane rules of 
public regulation, does not today have full force in eco- 
nomic evolution, it remains of utmost importance to the 
world that industry should feel the pull of its most pro- 
gressive units. Take, for example, the possible coal 
saving by the Massachusetts public utilities if their aver- 
age efficiency should be raised not to a theoretical 
standard of fuel economy, but only to the standard 
achieved in actual practice by the largest company, 
which I have just cited: the result would be nearly a 
third of a million tons less coal needed each year by these 
plants—an appreciable relief in a single State, especially 
in a State where, as you know, it is so difficult to keep 
the stocks of steam fuel up to a safe level. 

Still more striking is the evidence that can be 
brought forward to show the coal saving possible 
through the larger use of electricity as the agency in 
applying the energy in coal to the aid of human labor. 
Again it is proper to note in advance that the steel in- 
dustry is already motor-driven as probably no other 
industry is—indeed, the motors used by your industry 
aggregate nearly one-third of the power of all the 
motors installed in the United States. Without allow- 
ing for the great possible saving of coal by the full de- 
velopment of our water power, combined and co- 
ordinated with steam power in large systems of electrical 
generation and distribution, the contrast between 
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present average practice and best practice in power gen- 
eration 1s so great as to strain our confidence in the 
simple figures of coal waste. | 

The statistics of fuel consumption show that the aver- 
age steam plant, which is a small one (about 200 H. P.), 
uses eight times as much coal as is necessary in the 
largest central stations, where the profit payable to thrift 
is recognized—that is, assuming the same consumption 
as the average central station of the same size, our 
average-sized industrial steam plant would use 10 
pounds per horsepower-hour. If to this initial saving 
of 7 pounds of coal out of 8 at the large electric power 
station are added the possible savings on the railroad 
and at the mine, the ratio between present average prac- 
tice and present best practice becomes nearly 12 to 1. 
Even if this indictment of waste is discounted one-half, 
the power users of this country stand convicted of almost 
criminal negligence, for cheap power and plenty of it 
provide the only way to retain America’s industrial 
leadership. For this reason both labor and capital are 
vitally interested in the power supply. 

This contrast between the wasteful and the eco- 
nomical use of our coal resources is set forth in Fig. 3, 
which, like Fig. 2, was compiled by my associate Mr. 
F.G. Tryon. Starting with the 600 pounds of coal that 
contains heat units equivalent to 1,000 horsepower-hours, 
we find that the big electric station, with its modern 
steam turbine equipment, uses along with the 600 
pounds of coal another 600 pounds from which it derives 
no return. This seems wasteful enough, but the little 
steam plant, with its poor load factor as well as much 
less efficient equipment, losing heat units up the stack, 
in the ash pit, through the steam pipes, and in the en- 
gine, wastes 9,400 pounds of coal for every 600 pounds 
it really utilizes—nearly a 16 to 1 ratio in favor of the 
big plant. So, too, if railroads and mines were electrified 
and only 5 per cent of the coal instead of 30 per cent 
left underground, 120 pounds of coal would mine and 
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FIG. 3.—AVERAGE AND BEST PRACTICE IN COAL UTILIZATION. 


To develop 1,000 horsepower hours, a theoretically perfect steam engine 
and boiler would require about 600 pounds of coal (of this only about 200 
pounds is finally converted into mechanical energy). Producing and trans- 
porting coal in the ordinary way and burning it in the average-sized steam 
plant (about 200 horsepower), we mine or destroy perhaps 15,700 pounds 
of coal in the seam in order to develop the 600 pounds’ worth of energy. 
The best practice does the same work with about 1,320 pounds of coal. 
In other words, the best practice uses only a tenth or a twelfth as much 
as ordinary practice. 

The losses in mining and transportation under average practice here 
shown are calculated as in Fig. 2. In the case of losses at the plant, how- 
ever, a further allowance is here made for the additional loss due to bad 
load factor. Data from Bureau of Mines and Super-Power Survey. 
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bring to the big plant the 1,200 pounds of coal it burns 
m generating 1,000 horsepower-hours, instead of the 
5,700 pounds now actually required in serving the aver- 
age steam plant with the 5 tons of coal it burns to get 
the same product of useful energy. The total cost of 
1,000 horsepowerhours in terms of coal resources is 
therefore about two-thirds of a ton with efficient use and 
nearly 8 tons under average conditions of waste at the 
little plant. 

It is cause for general satisfaction, then, that in the 
first half of 1920 we find the power output of the central 
stations of the country increased more than 16 per cent 
over that of the corresponding period last year, while 
the fuel used seems to have increased not over half that 
percentage. In these public-utility plants the trend is 
decidedly toward fuel economy. 

The use of coal in America for making coke dates 
back some eighty years, but the operation of by-product 
ovens covers only one-third of that period, and indeed 
only last year did the output of by-product coke first 
equal that of beehive coke. The field is thus divided be- 
tween the old and the new practice, but two advantages 
of the by-product ovens over the beehive ovens alone 
show how much the full substitution will mean to our 
country. First, the yield of coke in the by-product 
ovens compared with that in the beehive ovens is 28 to 
25 per cent greater with the low-volatile coals and 7 to 8 
per cent greater even with the high-volatile Pittsburgh 
coal; and second, the recovery of 7 to 15 gallons of tar, 
benzol, toluol, and other oils, 16 to 30 pounds of sulphate 
of ammonia, and the surplus gas constitutes a great re- 
source by itself. ‘The recent consolidation of five great. 
chemical companies calls attention afresh to the value of 
these wasted constituents of coal, for not only will this 
consolidation go far in making America industrially in- 
dependent in the matter of dyes and other coal-tar de- 
rivatives, but the new corporation, which is one of the 
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largest units in American industry, is founded chiefly 
on the profitable utilization of coal smoke. 

By its very name the by-product practice suggests 
not only saving rather than waste but the lower cost of 
the chief product thereby made possible. The experience 
of the leading producer of metallurgical by-product coke 
affords conclusive evidence that in the Pittsburgh dis- 
trict this coke can be supplied to the furnace at so much 
lower cost than the beehive coke as to give an ample 
return on the large investment required. It is very 
profitable to save the by-products, yet the fact must be 
faced that beehive ovens have been within the reach of 
operators who had relatively little capital, whereas a 
modern by-product plant on an efficient scale involves 
an investment of many millions. Conservation of the 
full value of coal is not a poor man’s proposition. 

Already fuel economy has reached so high a mark in 
the largest steel plants that the present practice gives 
gratifying results. Take, for example, such a plant | 
with an annual fuel consumption equivalent to perhaps 
41 million tons of coal, and we find there the best by- 
product coke practice, with utilization of the by-product 
gas and tar for melting and heating throughout 
the plant; also the waste gases from the blast furnaces 
are used in gas engines to blow the furnaces and gen- 
erate electricity to meet the extensive demand through- 
out the works both to operate cranes, machine shops, 
etc., and in motors to drive not only the smallest but also 
the largest rolling mills. But to picture the extension of 
this thrift in the use of coal as planning on a national 
scale demands we are forced to supply some conditions 
that are not yet realized. This use of coal first as a raw 
material and next only in part as a fuel means the ex- 
tension of by-product practice until in no home or public 
building or factory will we find raw coal burned, but in 
its place either coke or gas, the other products having 
first been extracted to furnish the fuel for our motor 
cars, the dyes for our clothes, the surface for our roads, 
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and even the drugs for our aches and pains. Several new 
methods of carbonizing coal are now being developed 
with the purpose of increasing the yield of valuable oils 
and of obtaining coke residues better fitted for domestic 
use—all looking forward to this much more general use 
of coke. : 

The fact that more than half of the world’s coal re- 
serves are believed to lie within the territory of the 
United States has led too many of us into unwarranted 
optimism. The captains of the great industries con- 
centrated along the Atlantic seaboard will do well to 
think less of the millions of millions of tons of coal that 
are said to lie awaiting their néed in various parts of this 
continent-wide country of ours, but rather to ask for 
details as to where this coal is and how available it is for 
the use of this and the next generation. The total ton- 
nage involves strings of figures hard for us to compre- 
hend, but the tonnage remaining in the great producing 
fields of the East is so limited as to compel us to foresee 
their exhaustion within periods of the same order of 
magnitude as those which your executives figure as the 
expectancy of life for your industrial enterprises. For 
example, the Pittsburgh bed in Pennsylvania was esti- 
mated 40 years ago as good for 30 generations, but the 
rate of mining has so greatly increased that now we must 
measure the exhaustion of this largest bed in the Key- 
stone State by hardly more than two generations. This 
is not an exceptional ulustration of the shortened life 
due to unexpected increase in drafts upon our coal re- 
sources, for in the Georges Creek field in Maryland this 
same bed, there called the “Big Vein,” was believed 40 
years ago to have a life of at least 150 years, but today 
the field is regarded as almost worked out. Even if you 
turn to a less nearly exhausted field, such as the Poca- 
hontas, the earlier optimistic calculations of an ex- 
pectancy of life of four or five generations are now re- 
duced to three or even two. The lesson is that no matter 
how carefully the tonnage estimate of the coal reserve is 
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made, no one seems able to estimate the rate of increase 
in demand in this growing country of ours. Not yet do 
we show any signs of slowing down in our industrial 
progress. 

Another fact to be set down is that the best and most 
accessible coal is mined first, and even now we are 
skimming the cream from our coal resources. The truth 
should be stated even more plainly—we are mining 
much of the best coal with such disregard of the thinner 
beds in the same fields that we may be justly accused 
not only of carelessly skimming off the cream but of 
throwing away the skim milk beyond any possible hope 
of recovery. We must therefore figure on increasing 
costs in the future, due to greater depth and longer 
haul to market. This is another reason for delaying the 
exhaustion of our eastern coal fields by making full use 
of the coal we are now mining. - 

Thrift in the use of our supplies of raw materials, 
becomes a national duty that is especially urgent in re- 
lation to minerals, because of these there is only one crop 
to harvest. Moreover, as the stewards of the largest 
coal resources in the world, we are under some obligation 
to the less favored peoples. In the exportation of coal 
we need not be so prodigal as we have been with our 
oil, but neither can we withhold our coal from those who 
need it. As Mr. Eckel restates the old rule of the 
nationality of commerce, “Trade follows the fuel.” 

To outline an export policy to representatives of the 
steel industry may seem like carrying coals to Newcastle 
or steel to Pittsburgh, for I fully appreciate the leader- 
ship of your industry in world vision of trade. ‘You 
realize that commerce is a give and take business and 
that ships come as well as go. I need only suggest, 
therefore, that a favorable balance of trade must be 
kept within limits in tons as well’as in dollars and that 
an American merchant. marine needs outgoing cargoes 
of something besides highly manufactured articles like 
watch springs, typewriters, or even automobiles and 
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harvesters to balance the heavy shiploads of ores and 
hides and nitrate and coffee coming in from our neigh- 
bors of South America. We need to import raw ma- 
terials; what can we export in comparable tonnage? 

Fuel, for both industrial and domestic use, is in 
active demand in other parts of the world, particularly 
southern Europe and South America, and even a cur- 
sory review of the coal reserves of the world will con- 
vince us that this demand is not merely a symptom of 
the present reconstruction period: the fuel shortage in 
several large and populous countries is chronic. 

The export of mineral fuel is therefore to be re- 
garded as an obvious duty if America is to be a good 
neighbor, but the question may well be raised as we plan 
for the future, do we need to export raw coal? Our 
picture of the better days here at home with full utiliza- 
tion of our coal showed our homes supplied with coke, 
which will furnish the needed heat units without the loss 
of the other valuable constituents. Should we not, then, 
export coke rather than coal, giving to the people of 
- South America and southern Europe the fuel they need 
but reserving for our own industries the other contents 
of the coal? Why should we ship to Chile, the world’s 
richest owner of nitrate, the nitrogen content that our 
own farmers need? 

That the future prosperity of our nation will be 
defined largely in terms of fuel and power does not re- 
quire demonstration so much as it deserves emphasis. 
No better illustration of the use of machinery to multi- 
ply man power can be found than in the steel industry: 
visit a modern plate mill, with its full equipment of 
electric drive, and you will find there 514, horsepower in 
electric current to every workman; watch the marvels of 
a self-contained tube plant, where red dirt is trans- 
formed into every kind of steel pipe and tube, and there 
nearly 614 horsepower of electric energy backs up the 
human worker; and so also in the rail mill or the wire 
mill, where 10 horsepower is a common measure of the 
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co-operation of the machine with the man, and in times 
of forced output this may rise even to 13 horsepower, 
the electric drive carrying more than its share of 
the extra load. Is not this type of efficient and bene- 
ficial use of power the sign-board that we can trust in 
directing further progress? 

Fuel economy, then, is preeminently a problem for 
large units, because here thrift can yield largest results. 
In power generation it is the largest central stations that 
afford us the figures for best practice, and such stations, 
like the largest by-product coke plants, involve capital 
expenditures of tens of millions of dollars. Economy in 
our use of natural resources, whether oil, coal, or water 
power, requires large capital outlay, yet the savings are 
. great enough to invite just such investments. If the 
matter is looked at in the interest of the people as a 
whole, it may be declared not only that whosoever saves 
a ton of coal is a public benefactor, but that such service 
to the community will pay dividends. Thrift in coal is 
possible and should be profitable. 

The large benefits coming in the future from this 
present saving of resources will be national and shared 
by all citizens; and likewise the public of this day and 
generation should share in the advantages of reduced 
fuel costs made possible by betterment of practice. It is 
well, however, to think over the old truth in the Parable 
of the Pounds, where the reward was on a sliding scale 
referred to the service rendered. Today the individual 
or corporation who makes 1 ton of coal do the work 
formerly done by 8 surely deserves a larger profit than 
he who uses 4 tons or even 2 tons to achieve the same 
result, although it is equally plain that the consumer of 
the manufactured product should no longer pay on the 
old basis of 8-ton practice. The national concern is first 
and chiefly in securing the largest possible coal saving, 
with profits therefrom, which may be divided; hence 
public control must never be thought of simply in terms 
of limitation of profits. Public commissions that have 
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regulatory duties should first of all seek to preserve the 
driving force of private initiative, which renders the 
ever better service in the hope of proportionately larger 
gain. Thrift in coal, however, promises savings great 
enough to richly reward both producer and consumer. 


JupcE Gary: We are very much indebted to Mr. 
Smith for his clear, comprehensive, intelligent and alto- 
gether admirable paper. The information and advice 
which he gives is.of great value. This address should 
be read and reread and studied by all of us. At the 
present time the people of France, and Italy ‘par- 
ticularly, and no doubt many other countries, are suffer- 
ing from the lack of coal for fuel to keep them warm, 
and we should do everything possible to conserve and 
distribute coal to ourselves and to others. 

In behalf of the Institute I thank Mr. Smith for 
this splendid address. 

We shall now have the pleasure of listening to a 
paper or address prepared by Mr. H. Cole Estep, 
European Manager of the Iron Trade Review, entitled, 
“European Iron and Steel Two Years After the War.” 
It will be read by Mr. John A. Penton, whom you all 
know intimately, of the Penton Publishing Company, 
Cleveland, Ohio. Mr. Penton. 


Mr. Joon A. Penton: Judge Gary, and members 
of the Institute: This morning we had the great pleasure 
and satisfaction of listening to a very remarkable and 
unusual address from the president of our Institute, 
giving his impressions upon his return from a brief visit 
to several European countries, and in some detail the 
result of some of his observations with reference to the 
economic, industrial and moral conditions as he noticed 
them in the countries he visited. 

The paper which I have been requested to read has: 
been prepared by Mr. Estep, who has had a very unusual 
opportunity of observing the existing situation not only 
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in Great Britain, but likewise in Belgium, France, Spain 
and Italy, as well as in Germany. He has the great 
advantage of being an American, a trained engineer, 
very familiar with the iron and steel plants of the United 
States, has visited a great number of them, is well 
known to a large number of the gentlemen here, and is 
a member of this Institute. He brings to the judgments 
and conclusions which he presents that knowledge which 
he has gathered in visiting the industrial plants on the 
European continent as well as those in America. 


0861 88 WAAOLOO ‘MYO MAN 
‘CUOGONNOO AHL tO WOOUTIVA GNVUD AHL NI @LALLLSNI THaLS GNV NOUL NVOIWANVY AHL JO YANNIG 


THE EUROPEAN IRON AND STEEL INDUS- 
' TRY TWO YEARS AFTER THE WAR 


“H. Cote Estep 


European Manager, The Iron Trade Review 


At the outset the writer feels he should try to make 
clear that this presentation is by no means a finished 
production and that in dealing with so vast a subject 
only the most striking features can be given attention. 
In other words, the result, instead of being a careful 
portrayal, will of necessity be little more than a rough 
charcoal sketch of the situation. This follows not only 
from the space limitations of a discussion of this sort, 
but from the writer’s relatively limited experience in 
point of time in the Old World and the unavoidably 
superficial character of many of his observations. 

In any analysis of this character it seems necessary 
first to go back to the days before the war. In the year 
1913 Europe produced about 42,000,000 tons of steel 
ingots. The first year after the war, 1919, found a 
dazed Old World able to deliver, in round numbers, 
only about 19,000,000 tons. ‘The losses were chiefly in 
Germany, Russia, France and Belgium. ‘This year, 
1920, a somewhat more convalescent Europe will prob- 
ably be able to turn out 24,000,000 tons of steel. This 
represents an increase of over 26 per cent compared 
with 1919. The writer thought he might venture to 
present these few figures first because a good deal has 
been said about Europe’s waiting on the American 
doorstep and not so much about what she is doing 
herself. . 

But there still is plenty to do. Her production is 
not yet 60 per cent of the pre-war maximum, while 
prices, generally speaking, are four to five times what 
they were. In other words, the European iron and 
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steel business, like every other industry in the world, 
is going through a process of readjustment to a new 
economic level. Just what that level finally will be 
no man knows, for the forces let loose at the end of 
the war have by no means spent themselves. 


AMERICA’S CAPACITY TREMENDOUS 


Owing to its vast capacity the American iron and 
steel industry is peculiarly sensitive, not only to condi- 
tions within our own country, but to those in the outside 
world as well. For this reason, and also on account 
of the broad-gaged character of its leadership, the 
American iron and steel business is one of the most 
progressive of our great industrial enterprises. Num- 
bering among its units pioneers in the export field, the 
industry represented by the American Iron and Steel 
Institute already has taken its place among the world’s 
greatest international traders. To hold this position 
it seems necessary to make a closer study of foreign 
markets, production and requirements than ever before, 
for it is probable that before long the United States 
will have a quantity of steel to export equal to the 
entire production of Great Britain at the present time. 
In view of these necessities, is it in order to look with 
apprehension on the renewed iron and steel producing 
energies of Europe, especially the growing outputs of 
England, France, Belgium, Germany and the new 
states of Central Europe? The writer thinks not. At 
the present time the world’s total steel output is nearly 
20,000,000 tons per year short of the maximum reached 
during the war. This would seem to indicate that the 
point of saturation, from a production standpoint, has 
not yet been reached or even approached. 

In addition, so far as our dealings with Europe are 
concerned, is it not logical to suppose that a much vaster 
trade waits only on more complete recuperation in the 
Old World? Volume of business depends largely on 
purchasing power. Is it not safe to assume, therefore, 
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that growing European production, including iron and 
steel, will in turn create a purchasing power which will 
quicken powerfully the interchange of business with the 
United States? In other words, it is the old story of 
the prosperous man buying more goods than the 
~ bankrupt. 

The stimulation of our export trade in iron and steel, 
which the writer firmly feels will go hand in hand with 
the economic rehabilitation of Europe, necessarily will 
not be confined to direct shipments to the old countries. 
Increased exports should also take place to the Far 
Kast, to Africa, to South America, and the Antipodes, 
as Europe gradually resumes her custom of investing 
im new enterprises in those parts of the world—assum- 
ing, always, that our competitive position as to cost of 
production, prices, deliveries, etc., can be maintained. 


CoMPETITION AND More BUSINESS 


It is the writer’s feeling that our iron and steel ex- 
porting future is more or less closely bound up with the 
re-establishment of normal iron and steel production in 
Europe. Such increased production will, it is very 
probable, bring about much more severe competition in 
international markets, but this very thing, if it be con- 
ducted along the liberal lines of mutual tolerance so 
ably and powerfully advocated by Judge Gary and 
other leaders of the American iron and steel industry, 
should serve to stabilize conditions and so reduce the 
tremendous uncertainties of the present moment. And 
with confidence once re-established, who could gage the 
tremendous volume of profitable business awaiting the 
world’s productive enterprises? 

It would now appear that there are three stages to 
the world’s post-war industrial reconstruction. First 
came the period of replacement of necessities. This 
took place all over the globe, in neutral as well as the 
former belligerent countries, and resulted in a tremen- 
dous wave of buying, without regard to cost, prices or 


492 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


GOEL 00°06 
GL'86 00°01 
00°St 00°08 
00°S0T 08 G61 
Or sLg OF'8L 
00°66 00'ZSI 
OS SSI 00°68 
00'LS 00°G0L 
O1'68 09'86 
0° L9$ 02° L9$ 
GL'6S 00°96 
66'99 Oh 
OF LE ¢L'69 
00°SL 09°86 
00'°09$ 09°s9$ 
ne 20 T Aine 
OG 00'GL 
09'0F 00'S 
0S 9 GLP 
06°68 00'S 
00°or$ GO GS 
OG 00°0L 
00'0¥ 00°6 
09'S 00'S 
00'1F 08th 
or 0s$ SL 9F$ 
T°#90 T Aine 


00°FIT 
00'OLL 
OF'8S 

00°01 
GLOLE 


00°96 
00°06 
CoS 
09°16 
00° L9$ 


00°02 
00°49 
00°0¢ 
00°L0T 
09 L9$ 


00°901 
00°LOL 
06'06 
96'G8 
00'9¢$ 


09°06 
00°S8 
08°96 
Ge'18 
09° Log 


00°89 
00°99 
OO LT 
0s'V9 


00'IT 
09°08 
00°LE$ 


0601 
Oris 
or sss 


eevee 


eeee 


see EID Fs NOR IDA IE AA OA CT UaY tal yf 


08'S OL FS 08°98 DORE ot ena Cer ane ae Cis iba Auvuiay 
o6"9), G18 aie hd Toe ate .ee ou eee -ssss+ ureqag year 
00° LS 00 LES 00° LES 00°'"s$ O10 awe AT Che Wie Sere 0 ses By ole erere: © $9}e1S peu 
Sdvd IGHLS 
eee CON ECO Oe ORC eA, Os SOOM EL ay aC A MRC) pelt ile NLT OC 
cae ee ae a EMA ee ete cate Ate here ves ggueagy 
CO'0P 08'°8s SOGP 0G SP Cee ceed « 0 wise tee eee sae AueuLisy 
oL'S) OL LL se KERR ow dans aes sce: vreseeeess UTByEG year 
orsss$ Or'ses oress OF ¢9$ © 0 ¢ 66 6 6.8 60.6 6 6p 0 8 6 64 ee ee $9181S peu 
SHLVId MNVU GNV dIHs 
see ie (st 'sl wee eee 11>) 1) o)(ey10.18\ 9 cv p Be ofl) (8,4) his) whale wie es erie INTO 
ves gar bite! Gecpern Giyaie 5 oyake sue u1a}svay}40 N—o0ues of 
L9G 09°96 00°86 ORES os te ve ee J1oppassuq—Auvunioy) 
6°29 98°09 sae eetee Reset ee ee o10qs2[ppIW—uTeyg yearn 
08’ 66$ 08’ Leg o9'8E$ CBr ae OES Cia ysings}ig—seyeyg peyuy) 
g pO T Arne T ‘ady qT ‘uer 
: 6T6T 
SLOTIIA UANASSHE-OISVEA WHO AAWASSAd 
SesuvyoOXm JUSIINO 7B UOT, SSOIH J9q SIv[[Od 0} peonpesary 
SLOMUVNW S.G@IYOM HHL NI SHOINd THHLIS— da AIAVL 
eee. see ones see Bic ARS ICH ES ES SCE ACME OU AY Ra ay | 
ee oe ie reve teeeeeeeseeeeess zgq}spaq]}I0N—souRIy 
06'% 00°L6 OL'86 Dose cya ee "+ Floppassnq—Auvunlosy 
06°88 08'9s 00°66 OF GG Fg ese oLogse[pPIN—Uleyig yee1H 
SV LOS 00'seg GL'96$ OOMEs 5m Tan Gs ureysUTULITg—sozw}S Po}uy) 
NOUI AWMGNNOW ¢ ON 
ew leke osivn’ wate! se (aia le hens) ete 2 lwtedp Ce |e peter dee eloas ele G TOC 
ot 5 of os pope ree ++ wsaysvoy}10 N—aouet yy 
00°0G 00°F OSS ORE Cote sete eee see Jlopjessnq—Aueul1ey 
96° FE 08'9s 02"S6 SLCC a ae ay o10qs2[pPIN—UleyIg For 
SLES ST LES ST LES OVE a et eae ysaings}zg—se}eig peHuy 
t pO T Aine T ‘ady ti ee 


Tuer 
J 


616T 
NOU! OISVa 


sesuvyoxg JUIIINO }e UOT, SssoIy J9g sIe[[od 0} poeonpsry 
SLHMUVW S.GQITUOM AHL NI SHOIYd NOU VId—V AIEAVL 


THE EUROPEAN IRON AND STEEL INDUSTRY—ESTEP 493 


values, which has only recently receded. This rush of 
demand was so great that it overwhelmed such increases 
in production as the world has been able to achieve 
since the armistice, and consequently the prices of many 
commodities, including iron and steel, have been driven 
to heights which even during the war would have been 
considered fantastic. But there are plenty of signs 
that the grand rush is now over. 

Overlapping the period of replacement of necessi- 
ties—and a good many things which were not necessities 
—is the period which we now would appear to be in 
the midst of, that of labor and price readjustment. We 
are headed for the new economic level, but the terminus 
is not yet in sight. With this second period of readjust- 
ment of values will come, perhaps sooner rather than 
later, the re-establishment of competition—intrana- 
tional and international. 


A SunRrveY OF PRICES 


A general survey of post-war prices of the principal 
iron and steel products, including foundry and basic 
pig iron, billets, plates and bars, in the United States, 
Great Britain, Germany, France and Belgium, is pre- 
sented in some detail in Tables A and B. The figures 
in each case have been reduced to dollars at the various 
prevailing rates of exchange. In no other way can 
adequate comparisons be made, owing to widely fluctu- 
ating monetary conditions. ‘These statistics presented 
in this way bring out some exceedingly interesting, even 
startling, facts, but since the position at the moment 
is always of most importance, the figures for October 
1, 1920, have been charted and are shown graphically 
in Figs. 1 and 2, Fig. 1 showing pig iron prices on 
October 1st and Fig. 2 the prices of billets and plates 
on the same date. 

It should perhaps be explained that in arriving at 
these prices, both for the diagrams and the tables, aver- 
age figures have been selected as far as possible. In 
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Fig. 1.—Pig iron prices about Octo- Fig. 2.—Steel prices about October 
ber 1, 1920, reduced to dollars at 1, 1920, reduced to dollars at current 
current exchange exchange 


German 


all countries at the present time very wide spreads 
are in order, and since comparisons between a range 
of prices tend to be extremely confusing, definite me- 
dium figures have been chosen, such as three cents a 
pound, or $67.20 a gross ton, for American plates on 
October Ist. This procedure would appear to be in 
order, since these prices are presented for purposes of 
comparison rather than of quotation. 

As Fig. 1 shows, American pig iron prices are at 
present the highest in the world. Our steel-making pig 
iron is about $8 a ton more than that of our nearest 
European competitor, Belgium, and $9 a ton more than 
British basic iron. The range between our northern 
foundry irons and European foundry pig is about the 
same; in the case of southern foundry iron we are in 
a somewhat more favorable position, as shown in Fig. 1, 
but even in the case of this relatively low-priced metal 
our prices are considerably higher than those of France, 
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Great Britain and Belgium, and, of course, much higher 
than those of Germany. 

Turning now to steel prices, charted in Fig. 2, we 
find a more satisfactory state of affairs. Our current 
quotations on billets, for instance, are about $6 a ton 
under the French price and $15 a ton under the British 
price. Our billets, however, are slightly higher than 
those of Belgium—and this, by the way, is simply an- 
other index of the wonderful recovery made by that 
little country. 

On ship plates our prices for the time being are 
about $11.50 a ton under the British market, $16.50 a. 
ton under Belgium, and $62 under France, where spe- 
cial conditions obtain. Only German plates are lower 
than ours, yet Germany recently is understood to have 
placed large plate orders with American selling agen- 
cies. Conditions, although slowly righting themselves, 
are still topsy-turvy, and prices therefore do not exert 
their normal influence on market movements. 

The relative international situation in the prices of 
steel bars, which have not been charted, is about the 
same as obtains in the case of billets and plates. Cur- 
rent transatlantic freights on heavy iron and steel 
products range from $10 to $20 a ton, and in most cases 
this places even our more favorable prices on a non- 
competitive basis, while adding further to the handicap 
under which our pig iron is laboring. 

Our best chance at the moment appears to be to 
export billets or plates to Great Britain. Fortunately, 
these are commodities which the United Kingdom stands 
in need of, and a study of export statistics shows that 
considerable trade of this character is moving. 


Our HieH ann Miegury DoLuaRr 


So far as competing in Europe is concerned, most 
of our price troubles at the present time are founded 
not on manufacturing conditions, but on a factor almost 
entirely beyond the control of the iron and _ steel 
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Fig. 3.—Our exchange penalty. Unshaded portions of diagrams show how 
our prices are advanced due to the high international value of the dollar. 
Prices and exchange as of October 1, 1920 


producers—namely, the rate of exchange. The foreign 
value of our money is so high that we are penalized 
anywhere from 25 to 75 per cent or more on all trans- 
actions in Europe. Take a mild case, Great Britain, 
for instance. In Fig. 8 has been charted the effect of 
the high value of the dollar on our prices for basic pig 
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iron, billets and plates, compared with prices obtaining 
in English markets as of October Ist. In the case of 
pig iron, the higher price of the American product is 
due entirely to the exchange position; turning to billets 
and plates, if exchange were normal, our quotations 
would be around ‘half of those asked by English mills 
and our competitive position correspondingly strength- 
ened. The almighty dollar is anything but a help at 
present to our iron and steel exporters. 

The effect of the rate of exchange is even more viv- 
idly demonstrated in the case of Germany. Reduced to 
a dollar basis, our prices are about double those of Ger- 
many at the present time, but on the basis of the pre- 
war value of marks, German prices are at least six 
times higher than our own. German foundry pig iron 
is 1,659 marks per ton; at normal rate of exchange this 
is $332! But by virtue of this same exchange factor, to 
meet German competition purely on a price basis we 
should have to scale our own foundry pig iron down 
to $26.30 a ton at the present time, to say nothing of 

transportation charges. Yet American’ steel is moving 

into Holland, within a stone’s throw of Germany’s 
greatest steel works. This is due partly to the fact 
that the German long since has stopped giving the 
foreign buyer the full benefit of the rate of exchange, 
applying an additional charge which he picturesquely 
calls die Valuta. But more important still, Germany 
has not the steel to deliver. 

The position of exchange is, in fact, the dominating 
consideration in European iron and steel prices, and not 
until exchanges are righted, or at least stabilized, can 
the American exporter feel he is on safe ground. This 
leads back, naturally, to the argument presented in 
the earlier part of this paper, in which an attempt was 
made to show that the American iron and steel busi- 
ness would, in the long run, profit from the restoration 
of production in Europe. For it is generally admitted 
that the only way exchanges can be righted 1s for 
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HKurope to produce more goods. As production in- 
creases, including iron and steel, exchanges gradually 
will become more normal, and the competitive position 
of the American producer consequently more secure. 
But until that day comes American exporters must 
continue to be close students of international finance. 
Generally speaking, before the war there were only 
three factors controlling export business: the price at 
home, the price abroad, and the freight; today there are 
four factors in every transaction: the prices at home 
and abroad, the transportation charges, and the rate of 
exchange—and frequently the most important of these 
rapidly shifting elements is the exchange position. 


Wuen Wort Prices MEEt 


Widely fluctuating as international prices have been 
during the past two years, nevertheless twice since the 
end of the war the quotations in all of the principal 
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Fig. 4.—Foundry pig iron prices reduced to dollars at current 
rates of exchange 
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countries nearly have coincided. This occurred first in 
May and June, 1919, and again in July of this year. 
In order to bring this fact out clearly Fig. 4 has been 
prepared, showing graphically the figures given under 
foundry pig iron.in Table A. Other pig iron and also 
the steel prices exhibit the same phenomenon, but the 
illustration is most vivid in the case of foundry pig iron. 
The coincidence in these prices in July of this year is 
particularly striking, the German, British, French and 
American figures all being in the neighborhood of $43 
for a time; the coincidence in May and June, 1919, soon 
after the removal of British government control, is only 
less striking, prices at that time coming together in the 
neighborhood of $27 a ton. Following each of these 
conjunctions, the quotations, acting under the influence 
of movements in the rate of exchange and local market 
conditions, have shown a wide divergence. Belgian pig 
iron prices, it might be added, have followed a path of 
their own, owing to the abnormal rise in Belgian ex- 
change earlier this year and to other factors. 

Generally speaking, the price swings shown in Fg. 
4 indicate that the period between the times of greatest 
conjunction and divergence is from six to eight months. 
These pendulum-like movements show the efforts the 
world’s markets are making under the action of natural 
economic laws to re-establish their equilibrium. As 
time goes on the swings can be expected to become 
less violent. If any deduction can be made from a study 
of these post-war international iron and steel price 
phenomena, it is that if the governments of the world 
can only be persuaded to stop tinkering with the move- 
ments of commerce, currencies, exchange, and other 
fundamental factors, commodity prices can be depended 
on to find their own levels at about the same range of 
values in the principal producing countries. 


Tre PropuctTion F'AcTor 


It was stated previously that the reason Germany 


PUe 6T6T 0} SB poYl[dure ‘sioinjowjnueW [e019 PUe UOAT JO uoIeI0po euol}e fom htc 4 : 
‘JoIJBoIOYZ PUL GIET Ul OULeIIOTJ-soVSTy sopniouL is) sia eh Cae Oe ee 
6T6T ‘oquisdeq pue JeqUIEAON 103 pozyeUysm| (0) 


‘Loyyne 8yz AQ 0Z6T 
‘WN Jo AsvzZIn0d sounsiy 


“ST6T ‘1040}00 10}Je S}OLI]SIP Potopuatins epnjoul jou saoqd (q) 


‘AJUO sy}UOW UsAeTm (®B) 


500 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


¢ 6 ‘ ; 
ieee 000‘S9% 00098 000°69 000°6¢ 000'68 000‘88s OOO'SLG = Fe SOUR IY 
a at 000°S11 (2) 000% ; é d é é ooo*F99’'g ‘ct *' t's AUeULIaD 
© ¢ na ‘ = 
eer Lata ee oe a 000°TOT‘9 000°ses% o00‘0¢¢"I 000°'9FL*S =” S8}e}S peyugQ 
PSS 000°9¢8'S 000‘°8FS § 000°GL6'S 000‘6t0'¢ 9°“ Wopsuly peyuQ 
TdaLS GNV NOW oO 
000°00%. 000°69%, 000°L19 000°CLE 000°FO9 000°06S 000°66P 000%8S g ae eee ‘a 
000°00¥'T 000‘000°T 000‘069°T 000699 T 000°L86'T 000°SI16 000°SPL 000°SF0'T i. eC DEmE,) 
.. ee é 000°916 000118‘ 000°6FS'L 000866 000°968 OOO SIGIIN wate wee Aye T. 
; é é 000°6 000‘L6 : 000°L6 000‘0LE I 000°86PG “7 ** UUNTdag 
: : é 000°6L8%% 000'LLE'S 000° 89% 000‘S61'e o00rs¢ ¢ 6° *Avesunyy-eraysny 
Sen é é Z 000°G8'r 000'999°F FOOUY once orig ers s 
0000086 000'TS TG (p) 000°082°T 000°961'G 000‘°L66'T 000‘TLO'T 000°FL9 @ rae LEER Ste 
000‘00¥'8 000°PP9"L (2) ooo%ssz'rI (4) o00°ses‘or 000°FS6'SL 000°9F0'SE  —000°LOL‘ FT O00'TS9 BL °° °°" "°° Auvuttar 
000°F9L°6 000°F68°L 000°689‘6 rAd O66" foggs “ogs* “p99°L °° 
eS. een ‘689° 000'L1L°6 000°666'8 000‘099'8 000°SS8°L 000°F99‘2 wopsuly poyuQ 
000°C9F' FF 000°L90°¢F 000°FLLGE OOO'IST‘SS 000 LES O0O‘TOS*IS ** °° seye}S payuQ 
, TAGL 
é 000°68> 000882 000°918 000'TSL 000°6FL 000089 OGO:STJigae ae aa "7" wapaMg 
é é 000°990'T 000‘9F0'T 000°0L0‘T 000°9Z8 000°90L QOO:STO te amen ae “* epeury 
Raat é 000°608 000 89 000°09% 000°618 000°6LE OOOOCH pT ee? ATR} 
é é 000°8 000‘9@T 00°29 000‘ZEF'T 000SET Gs ose WINIS]I gq 
: ‘ é é 000°6LE°S 000°866°I 000'996°T ooo’srs’o = “Aredunyzy-viysny 
é é 000'8L9°S 000‘1g9°S 000°681°F QOOTTSTVeemaee oes a eISSTL 
000‘000*s 000°PL8%% (p) 000'986"T 000°LOL‘T 000°S9FT O00LLE 000‘899°S noureer 4 Bk ao Te ce sari 
000‘000°s 000°¢61'9 (2) 000L9'TT (4) o00'LE6ST 000°TL0°SI OOO'LO9IL = O006S L'FT. 000‘000'6T °°***°** Aueutteay 
eae 000°S68"L 000‘980°6 000°ees*6 000°840 6 000°F62'8 000°F66‘8 0000901 **Wopsury poyuy © 
fe 000‘989‘0s 000°SS0°6S 000'Té9‘8g o00‘ssr‘6s 0009166  o00‘eEs‘sa 000°996°0E ***° S272} peqUQ 
NOU] OI 
it ine eau 6T6L 8T6T LI6L 9T6T ST6L FT6L €T6t : d 
poyewmiysg 


(spunod 0#2‘% suo} ut) 
O26T 9} €T6L UloIy AjIveX solajun0D Suronpoig Tedjoulig 94} Jo ‘[903g9 pue uoI] jo sjz0dxqm pue ‘[9019 jo pue uOoJy 


THHLS GNV NOU JO NOLLONGOUd S.GTHOM BHI—'O ATA 


SIq jo uoljonpoig 


THE EUROPEAN IRON AND STEEL INDUSTRY—ESTEP 501 


[ | 
L a 
United States + 
5 + ~ 30} 
i) 
5 
= ie imal it 
hg i= ed 
Cp) 
e : 
oO2 - 20 
ss 1 ils L 4 
tu 
yn 
2 i g 
cS) German a 
= !0 Great Britain Ie 
ig 
i inn 
Russia 
AustriaHungar France 
ie} elaium = 
TSI To 191 1916 191 191 1919 2 


Fig. 5—World’s pig iron production for eight years including 
the war period 


does not get all the steel business in the world is that 
she has not the steel to deliver. This brings us to an- 
other great factor in the international iron and steel 
situation—the element of production. Some general 
world figures already have been quoted. The details 
of the world’s iron and steel output, so far as they are 
known at the present time, covering the past seven 
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Fig. 6.—World’s steel production for eight years including the war period 


502 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


years, are shown in Table C. An estimate of the output 
for 1920, based generally on the figures for the first 
six months, is included in this table. ° 

In order to show these same facts regarding pro- 
duction in graphic form Figs. 5 and 6 have been pre- 
pared, covering the pig iron and steel outputs of the 
different countries of the world through the war period 
and since. These diagrams show clearly the collapse 
of Germany, the extinction to all practical purposes 
of Russia and the Hapsburg kingdoms, and the recovery 
of France and Belgium. 
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Fig. 7.—How the war hit the world’s 
steel output 


The position as regards production since the war, 
compared with 1913, is shown in Fig. 7. This diagram 
shows very clearly that in spite of the gain in output 
this year over 1919, which amounts to 22 per cent, the 
world is not yet producing steel at anything like the 
pre-war rate. In 1913 the world turned out 7 4,500,000 
gross tons of steel; to feed the hungry mouths 
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of the nations’ guns this output was jacked up to some 
82,650,000 gross tons in 1917. From then on until 
the latter part of last year the slump was continuous, 
and in 1919, the first post-war year, the whole world 
could muster only a little over 52,000,000 tons to meet 
its vast reconstruction program. The loss in annual 
output as between 1917 and 1919 was something like 
30,000,000 tons, the equivalent of the entire production 
of the United States in 1918. One need go no further 
‘than this to find the reason for today’s iron and steel 
prices. 

This year the world will probably produce about 
64,000,000 tons of steel. We are still about 10,000,000 
tons short of the pre-war maximum and 18,000,000 
tons off from the world’s record during the war. The 
gain in 1920 over 1919 for the world as a whole, as men- 
tioned previously, is 22 per cent; but Europe’s gain, 
taken alone, is 26 per cent. In other words, Europe 
is building up steel production faster than the rest of 
the world. This is as it should be, considering the enor- 
mous losses which-have been sustained. 

Looking at these figures another way we see that the 
tremendous burden of steel production which is being 
carried by the United States is not being lessened very 
rapidly. In 1913 we turned out 42 per cent of the 
world’s steel; in 1919 our share was 65 per cent; this 
year it will be cut down by only one figure to 64 per cent. 


GERMANY YIELDS TO FRANCE 


The most striking change growing out of the war 
in the whole European iron and steel situation is the 
collapse of Germany and the consequent rejuvenation 
of France. Never has there been a more striking ex- 
ample of poetic justice worked out in a practical way, 
for all of Germany’s great iron and steel strength was 
founded on her forcible possession of the lion’s share of 
the Lorraine ores—a source of raw material second only 
in importance to our own Lake Superior district. ‘This 
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great heritage now has been restored to France. Con- 
sequently the world has witnessed a decline in German 
steel output from 18,631,000 gross tons in 1913 to 
7,644,000 tons in 1919. This year; owing to some re- 
covery in production, Germany’s effort probably will 
reach 8,400,000 tons, but the glory of the departed days 
before the war are gone forever. 

French steel production was 4,614,000 tons in 1913; 
the invasion following the war forced the output down 
to 1,071,000 tons; in 1919, thanks to Lorraine, it had 
climbed back to 2,151,000 tons, and this year the pro- 
duction probably will reach 2,800,000 tons. Today 
France is the only country in Europe whose exports are 
in excess of those in 1913, so far as iron and steel are 
concerned. 


FRANCE’S STRENGTH IN Raw MATERIALS 


But France’s great strength lies not so much in her ~ 
production or exports at the present time as in her great 
wealth of raw material and its potentialities. Her iron 
ore reserves reach the staggering total of nearly 6,000,- 
000,000 tons. Her ore producing capacity is around 
40,000,000 tons a year, which, given suitable furnaces, 
would mean a pig iron output of 10,500,000 tons. 
France’s production bids fair to exceed even that of 
Great Britain. Her iron and steel future is almost be- 
yond doubt the most brilliant among the nations of the 
Old World. 

The great handicap which the French iron and steel 
industry must overcome lies in the question of fuel sup- 
plies. This brings us to another of the several funda- 
mental factors affecting production in EKurope—the coal 
question. Coal and transportation lie at the very base 
of the iron and steel production pyramid. Relatively 
adequate coal supply has enabled British steelmakers to 
boost their ingot production at 30 per cent in excess of 
the pre-war rate. England is the only country in Ku- 
rope which is now making more steel than it did before 
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the war. A fairly good coal output is all that prevented 
an even greater collapse of German iron and steel pro- 
duction than actually took place. Before the war France 
was using 7,000,000 tons of coke per year; today she is 
getting only 4,200,000 tons and needs 12,000,000 to 
realize on all her iron ore resources. 

Compared with 1913 the European fuel situation 
still leaves much to be desired. In the pre-war year the 
average monthly output of coal was 44,000,000 tons; at 
present it is not over 33,000,000. This loss of 25 per 
cent means strangulation to Europe’s efforts to rebuild 
her iron and steel industries. The deficiency is due prin- 
cipally to loss of production in England and Germany, 
amounting to 6,000,000 tons a month in the former 
country and nearly 4,000,000 tons in the latter. Since 
the armistice, however, Germany has increased her coal 
production by 25 per cent. The British output remains 
practically stationary. 


FrencH ORE FoR BrITISH COAL 


The loss of coal production in Great Britain does not 
affect the island kingdom as much as it does her neigh- 
bors since the curtailment has been confined chiefly to 
export fuel. France, in the absence of support from her 
ally, is turning to Germany for the coke necessary to 
build up her iron and steel production. A considerable 
trade along these lines, French ore for German coal, is 
inevitable in the future. 

What Europe really needs, however, to put its whole 
iron and steel business on a sounder footing is an in- 
crease in the output of British coal to its pre-war 
volume, thus permitting a huge exchange of Lorraine 
ore for British fuel. This would not only enable France 
to make more iron and steel, but at the same time it 
would increase the British pig iron output through im- 
provement in the furnace burdens and fuel supply. .This 
would close up the dangerous gap which now exists be- 
tween pig iron and steel production in Great Britain, 
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and enable that country to realize her full potential 
steel capacity of about 12,000,000 tons per year. Ger- 
many at the same time would not be in danger of having 
her own plants drained of necessary fuel supplies. 

If German coal production could be further in- 
creased by some 3,000,000 tons per month, together with 
an advance in British production of 4,000,000 to 
6,000,000 tons a month, then conceivably Kuropean steel 
production would range itself as follows: 


Tons 

Per Year 
Great Britain 2... 2a... ose 12,000,000 
irance Oe eee 10,000,000 
Germany <i 5 see 5 eee 10,000,000 
Belgium’. :\ 0 ee 3,000,000 
ltaly =. Oo eee 1,000,000 
Sweden oo. joss 600,000 


This foots up to 36,600,000 tons a year. Russia and 
the new states of central Europe would have to be de- 
pended upon eventually to provide the remainder of the 
required tonnage. How necessary a reorganized and 
vigorous Russia is to the world’s industrial well-being 
becomes evident from these considerations. 


Russia A DisturBER 


The foregoing is doubly true in view of Russia’s 
baleful influence on the world’s working population. 
Unwilling to confine their tragic experiment to their 
own people, the fanatical disciples of Lenine and 
Trotsky have set the labor of the world by the ears, no- 
where more so than in war-torn Kurope. Italy for two 
weeks burst into flame and then subsided: England has | 
by no means escaped. Welsh miners instead of digging 
much needed coal have been holding bolshevist meetings 
900 feet underground. There is no doubt now that a 
plot was hatched in August and September by the 
British extremists looking to the establishment of a 
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soviet in Great Britain through the joint efforts of the 
labor council of action and a national coal strike. The 
plot failed to mature only because it became perfectly 
clear that the British people would tolerate no non- 
sense. 

At the moment of writing the labor situation in 
Kurope in industries antecedent to the iron and steel 
production still is trembling in the balance, with the 
_ tendency, if anything, apparently toward more stable 
conditions. After an acute crisis, artificially induced by 
the labor leaders, the British coal miners have been led 
to discuss the wage question on a piece-work basis for 
the first time in six years. This presages a somewhat 
better situation in Britain’s basic industry. But at the 
best, the miners are holding England to ransom, and at 
the worst a tremendous strike may occur in the future. 
As one factor in the price of peace, the British miners 
practically have dictated an indefinite continuance of 
government control of the coal industry—this has been 
done in order to further their schemes for nationaliza- 
tion. : 

Last month the Italian iron, steel and metalworkers 
centering chiefly around Milan forcibly seized some 400 
metalworking plants, and attempted to operate them 
themselves, without the aid of technical assistance or 
management. This attempt at communistic operation 
was a dismal failure; the men have restored the plants 
to their rightful owners and have gone back to work. 
But the settlement is entirely unsatisfactory from the 
standpoint of American free industries. Under govern- 
ment pressure the employers have been obliged to ac- 
quiesce in the establishment of workmen’s shop com- 
mittees with alleged wide powers to interfere in the 
management of the plants. 


MENACE OF THE CLOSED SHOP 


These incidents in industries collateral with iron and 
steel production are cited to indicate the evolution of 
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the closed shop in Europe. The writer, if he may offer 
an opinion, believes that beyond any doubt the biggest 
lesson to be learned in the United States today from 
existing industrial conditions in Europe is the tremen- 
dous menace of the closed shop. Kurope is much further 
advanced in labor evolution than our own country, and 
in Kurope, therefore, we may study the ripened fruits 
of the closed shop policy. These fruits are bitter; and 
they are by no means confined to the industrial field. 
European experience proves that the labor union 
domination resulting from the closed shop quickly 
spreads into the political field, and brings about actual 
or attempted political dictation. Judging from Euro- 
pean experience, the fruits of the closed shop would 
appear to be twofold—tyranny and anarchy. The writer 
realizes this is a strong indictment, but it is not uncon- 
sidered. 

This would make it almost self-evident that the 
leaders of the American iron and steel industry, in their 
long battle for the maintenance of fair, open shop con- 
ditions, in the face of threats and duress, have been 
serving not only their industry, but their country itself, 
to an extent which probably even they, to a degree, have 
not appreciated. 


Waces Apout on A Par 


So far as wages in the European iron and steel in- 
dustries are concerned, as compared with those in the 
United States, they may be dealt with briefly. The 
actual rates, of course, are subject to considerable varia- 
tions in the several countries, and in making comparisons 
the rate of exchange is a factor. Generally speaking 
wages have increased more abroad than in the United 
States, and the relative difference is less pronounced at 
the present time than ever before. Owing to the sliding 
scales in operation in Great Britain, for instance, blast 
furnacemen’s wages are now 250 per cent above the 
pre-war standard, and open-hearth melter’s wages are 
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180 per cent above the ante-bellum figures. Generally 
speaking, wages in the European iron and steel indus- 
try today are only slightly below those paid in the 
United States. The hours of labor are somewhat less, — 
the 8-hour system being practically universal. 

Since the war there has been tremendous integration 
of iron and steel properties throughout Europe. ‘This 
constitutes another fundamental factor tending toward 
increased production and lower costs. The integration 
has been both vertical and horizontal; that is, the 
mergers have included not only competing interests but 
collateral industries such as coal companies, limestone 
properties, railways, steamship lines, iron ore properties, 
etc. There are plenty of companies both in England 
and on the continent at the present time that are com- 
pletely integrated, controlling their own supplies and 
facilities throughout. Many of these companies, espe- 
cially in Great Britain, have spent large sums in mod- 
ernizing their plants since the war ended, with the result 
that they now are in as favorable a position from the 
standpoint of control of raw materials, economical pro- 
duction, and up-to-date facilities as any concerns in the 
world. If the idea still prevails in any quarter that Ku- 
rope is asleep with reference to commercial and tech- 
nical facilities for steel production, it had better be dis- 
carded forthwith. 


Exports RECOVERING 


This brings us to our final point, international trade 
in iron and steel. With the exception of Germany, the 
nations of the Old World are making good progress in 
rebuilding their export trade. The exports of iron and 
steel in 1913, and since the war, from Germany, France, 
Great Britain and the United States are shown 
graphically in Fig. 8 and in greater detail in Table C. 
The most striking feature of this diagram is the tragic 
failure of Germany’s export ambitions. Germany still 
holds the world’s iron and steel export record in times 
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of peace with overseas shipments of 5,664,000 tons in 
1913. Today her trade is less than 4 per cent of its 
former volume. This trade is destined to increase, to be 
sure, but it is hopeless to expect it to approach anywhere 
near its previous volume at any time within the measur- 
able future. 

France alone among the nations of the Old World 
is exporting more iron and steel at the present time than 


3 


Millions of Gross Tons 


nm 


Fig. 8.—The effect of the war on 
iron and steel exports, Exports of 
principal countries for 1913, 1918, 
1919 and estimated exports for 1920 
compared 
prior to the war. This year her outgoing shipments, it is 
estimated, will exceed those of 1913 by 43 per cent. The 
total volume of this trade still is small, but as previously 
suggested it is indicative of France’s iron and steel 
future. 
In the export field, Great Britain is the only country 
which appears to offer any prospect of serious competi- 
tion with the United States in the next few years. Al- 
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though still nearly 2,000,000 tons a year under the pre- 
war rate, British export trade in iron and steel has 
more than doubled since the armistice, and, given a 
reasonably secure situation, is destined to experience a 
further heavy increase. 

There is no reason why the international trade of all 
of the principal producing nations should not expand 
materially after present labor and price tangles are 
eliminated. While on the basis of the inflated values 
now prevailing, international commerce appears to be 
breaking all records, as a matter of fact it is still far 
below par. Carefully compiled statistics published re- 
cently by the Supreme Economic Council show that the 
weight of exports from 19 leading countries in the first 
- quarter of 1920 was only 44,500,000 tons, compared with 
72,100,000 tons in the first quarter of 1913. Here we 
have a true measure of the shrinkage in the world’s in- 
ternational trade. 

But there is hope even in these figures, for the same 
statistics show that the world’s international trade in- 
creased from 45 per cent of its pre-war volume in the 
first quarter of 1919 to 62 per cent in the first quarter 
of this year. 

From these and other considerations already cited, 
may we not expect that America’s true destiny in the 
exporting of iron and steel will not be fully realized 
until international trade as a whole approaches more 
closely to normal? In other words this discussion ends 
where it began, to the effect that the iron and steel 
future of the United States in the export field waits on 
the rehabilitation of Europe, not excepting Russia, and 
on the full re-establishment of Europe’s own iron and 
steel production. 
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Jupcr Gary: The hour is late and under the cir- 
cumstances I have decided to permit only one more 
address, by a gentleman to be named by you. 

(Cries of “Schwab, Schwab.’) 

JupcrE Gary: Ladies and gentlemen, I have the 
honor to introduce Mr. Schwab. 

Mr. Scuwaps: Mr. Chairman, the hour is late. 
When I was on my farm up at Loretto this summer I 
learned a lesson, and it was brought home to me vividly 
here this evening when every few moments I saw some 
of our distinguished out-of-town steel manufacturers 
quietly make for the door. You may draw your own 
conclusions when I tell you my story. 

I was seated at the desk one evening reading the 
New York papers. My little nephew said, “Uncle 
Charlie, have you noticed that the New York papers 
all say that you were at the boxing match last night?” 
Now I knew I was at Loretto, and he said ‘““We had 
better keep that from auntie.” I said “On the contrary, 
tell her. I want her very much to see it.” He said 
“Why?” I said “There are times that the newspapers 
say things and other people say things that are incon- 
venient, and if she can see just how those confounded 
newspapers have lied again, what a convenience it will 
be to me. . (Laughter.) There are a lot of out-of-town 
guests here who have a good alibi in the Iron and Steel 
Institute dinner, and it is not fair for us to keep them 
very much longer. (Laughter. ) 

Now I made up my mind that if I had to talk I 
would vary my speech, and make it technical and statis- 
tical. Since it seems to meet with such universal ap- 
proval I will tell you that my statistics will not be about 
the iron and steel industry, but about farming. I have 
been a farmer up in the country this summer, and 
learned a lot of things about farming that I think you 
who have grown so rich in iron and seal ought to know. 

I learned this morning of all the difficulties of the 
introduction of the basic open-hearth process. My 
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friends, the troubles of the introduction of that process 
are child’s play compared to the troubles that I have 
encountered in farming. And as to costs! Well, you 
are pirates at costs; while I am a philanthropist as a 
farmer. I tell all my friends that I will sell them any- 
thing I produce at absolute cost; I do not want any 
profits. (Laughter.) 

One day my wife said to me, “Now, you are always 
teasing me about the cost of these things. There are a 
hundred tons of hay that I sold for $50 a ton, and it only 
cost me $20.” I said “Let me see your cost sheet.”” She 
turned it over to me. I said “I do not see any labor on 
this cost sheet at all.” She replied “Of course not. You 
pay that.” (Laughter.) 

You know, my friends, it is like this in the steel busi- 
ness: a good many of us do not know our costs: you do 
not know what to charge up as costs for such men as 
Judge Gary and Mr. Farrell, and all these other men. 
(Laughter. ) 

So we are not getting enough profits. The Judge 
was not half strong enough this morning in his address 
when he spoke about our being moderate. I think we 
are more than moderate. I think we ought to have a 
good deal more profit than we are getting. He touched 
a sore spot with me this evening when he said that the 
Iron and Steel Institute had a lot of money and were 
uncertain what to do with it. Well, there is no un- 
certainty in my mind as to what might be done, and I 
hope he will appoint me as part of the finance com- 
mittee. (Laughter.) 

There is a lesson to be learned from being on the 
mountains and being a farmer, with nothing to do. 
Idleness breeds trouble; you get into difficulties. 

I am going to tell you a little trouble I got into in 
my idle moments on the mountains this summer. I 
have a very dear, old mother; she has passed eighty 
years: she loves to dress up on Sunday and come up to 
my house and show her new bonnet and new coat and 
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have a happy time. I was seated on the porch of my 
shack (laughter) one day when she came to visit me. 
She had on a new hat, adorned with roses as red as these 
upon the table, which matched the color of her cheeks, 
and a pretty silk coat, and she scolded me for not attend- 
ing church that Sunday morning. I was reading the 
newspaper, with a bulldog near me that I had named 
“Trouble” —appropriately ; and I am always fond of 
playing a practical joke on mother, she takes it in good 
part. She had put her things on the chair beside me and 
as she went into the house I remarked about the beauty 
of her hat; she said nothing, but while she was inside I 
called the bulldog to me and carefully tied mother’s 
hat on his head, tightly under his chin, so that it would 
not be removed, expecting a good lecture and a good 
deal of surprise on mother’s part when she came out. 
Well, before mother came out another bulldog came 
around (laughter): there was then a mixture of bull- 
dogs and roses and hats and capes such as I have never 
seen before. (Laughter. ) : 

Let us not try any such foolish pranks in the steel 
business. We are on the very top of industrial difficul- 
ties, when it behooves men to keep their heads and look 
forward optimistically and happily. Let us be guided 
by the sound advice of our Chairman. Every time I 
speak here I take the opportunity of complimenting 
him upon the splendid address he has made. 

Years ago at the Homestead Works, as superin- 
tendent, I was looking over into the pit one day, and saw 
a workingman sitting by smoking a pipe, with his shovel 
turned upside down. I said “What are you doing down 
there?” With a glance of indifference he looked up; he 
did not deign a reply. I said “I am speaking to you.” 
No reply. Finally I said “Look here, I am superin- 
tendent of this works. What have you to say for your- 
self?” He said “You have a damned good job. Take 
care of it.” (Laughter.) 

The hour is late, and I must keep my promise to be 
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brief. I shyly protested against your desire to have me 
make a speech, having spoken to you so often. But deep 
down in my bosom there is the lurking feeling always 
that I like to talk to the American Iron and Steel In-- 
stitute meetings; the reason being that there is more in 
business than dollars and cents. There is the sentiment 
of it as well as the great pleasure of my acquaintances 
of over forty years of active service in this great industry 
of ours. It brings a thrill of delight to the heart every 
time you meet them and have the opportunity of talking 
to them, as I have. 

The profession of the iron and steel worker from 
the time of Solomon, when he put them in a place of » 
honor, until today, has been a highly desirable business 
and profession: it seems to me that the very iron itself 
permeates its spirit into the soul and into the character 
of the iron and steel worker, the iron and steel manager, 
and makes him desirable as a friend, and a man of such 
integrity and so many parts that you love to meet him, 
know him and regard him as a friend as long as he lives. 

Long live the members of the Iron and Steel In-. 
_ stitute. Long live my friends of forty years in this 
great business. May prosperity and happiness always 
go with them. May they go through life with a laugh, 
and may they meet their troubles like the mill worker 
of Homer Williams at Homestead one day. Strikers 
threw him into the muddy river, and he came out with 
his clothes dripping with muddy water: he told me what 
had happened, and I asked “What did you say?” “Oh,” 
he said, “I just laughed.” So let us go through life 
meeting our troubles with a laugh. Let our attendance 
at this convention grow year by year, let the sentiments 
of friendship and business association grow firmer as 
each year passes by, and let the younger generation say 
with the poet of old, “In time to come it will delight us 
to have remembered these days,” as it delights me to 
have spoken to you all here tonight. (Applause. ) 


_Jupce Gary: We adjourn. 
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